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PREFACE 
This report is the first in a new annual series that reports on the state of the Baltic Sea based mainly 
on FIMR observations. 
Being the first in the row, this report includes articles that review a longer period, to give a 
background to the latest observations. 
This report is published together with the new FIMR data policy and the new intennet page from 
which the core hydrographic and nutrient monitoring data of FIMR can be downloaded. 
FIMR offers this invaluable data, collected through government-funded monitoring and research, to 
public use in order to increase the knowledge of the state of the Baltic Sea and to work for a better 
(healthier) environmental state of our common vulnerable sea. 
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SUMMARY 
The year 2006 was on average rather mild, with a cold winter, dry and warm summer, wet October 
and an exceptionally warm December. 
The ice season of 2005-2006 was average by extent of ice cover. The ice winter started 
comparatively late and ice developed during December, which is typical for warm winters. The sea 
did not begin to freeze in any larger extent until February. March was very cold, and maximum 
extent of ice cover was reached in the middle of the month with 210 000 km2 on March 16th (50% of 
the Baltic Sea was ice covered). In April there were night frosts, and the ice melting was slow. In 
most waters, ice break-up was about a week later than normal. In late May the ice finally 
disappeared also from the northern Bothnian Bay, which is around the normal time. 
Waves were measured in the Baltic Proper and the Gulf of Finland during ice-free periods. Sea state 
expressed as monthly mean values of the significant wave height were close to the long-term mean 
values, while the monthly maximum values remained below the long-term maxima during most of 
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the year. The highest significant wave height in 2006 was 6.7 metres, measured in a storm on the 
1 1 th of December in the Northern Baltic Proper. During this storm the wave action reached a depth 
of 100 metres. During autumn and winter the monthly means of the wave action depth were 10-30 
metres, but depths deeper than 50 metres were reached several times. From May to August the 
monthly mean of the wave action depth was 5-10 metres. 
Compared to the long-term average, the average sea level along the Finnish coast in 2006 was 10-
30 cm lower in January—March and July-August, and 20-40 cm higher in November—December. 
Short-term fluctuations were strongest in the Bay of Bothnia and in the eastern part of the Gulf of 
Finland in January—February and October—December. The highest sea level values of 2006 were 
measured in December, and the lowest during January and March, except in the Bay of Bothnia 
where the lowest values were measured in November. No annual or monthly records were exceeded 
or reached in 2006. 
The hydrography was normal in the Gulf of Bothnia. However, in the Archipelago Sea surface 
temperatures were extremely high in the summer and early autumn, and in the Gulf of Finland 
salinities at the bottom were extremely high in the summer of 2006. The latter also led to very poor 
near-bottom oxygen conditions. 
In the beginning of the year phosphate levels were significantly lower in the Gulf of Finland and 
nitrate levels had returned to normal after last year's high values. Due to the very bad oxygen 
situation in spring and summer, phosphate concentrations rose to quite high levels in the near-
bottom water of the open sea. In the Gulf of Bothnia the situation was nearly identical to that of last 
year and nutrient levels remained at the same low level as in 2005. In the Baltic Proper nutrient 
levels remained mostly at the same level as in 2005. 
Macrobenthic communities were severely degraded throughout most of the Baltic Sea and below 
the long-term average. In the Gulf of Bothnia abundances of the amphipod Monoporeia affinis have 
been severely reduced since the peaks in abundance in the early to mid 1990s and are generally 
below the long-time average. At the same time, the invasive polychaete Marenzelleria sp. has 
spread rapidly throughout most of the Gulf and now comprises about 80% of total community 
abundance at some locations, illustrating the polychaete's establishment in the area. In the Gulf of 
Finland the abundant macrobenthic communities recorded in the early 1990s in the deep central 
parts of the Gulf crashed almost completely in 1996-1997, and have not recovered to any larger 
extent due to continued poor oxygen conditions below the permanent halocline. In the Baltic Proper 
the area devoid of macrofauna is of the same size as during the middle of the last stagnation period 
in the 1970s and 1980s, i.e. about one third of the total sea area. Abundances are below the all-time 
average and the communities are in a very poor state. In the Southern Baltic Sea, and in the Arkona 
and Bornholm basins, species diversity is much higher than in the other Baltic basins due to higher 
salinity. However, also this area is subjected to periodic hypoxic events, and except for in the 
Bornholm Basin, current conditions are very severe and abundances below the long-term average. 
The annual succession of phytoplankton includes a spring bloom in March—May, lower biomass in 
June and possible cyanobacterial blooms in July—August. The succession in 2006 is described by 
comparing weekly means to the long-term weekly means. In the Gulf of Finland the phytoplankton 
spring bloom followed the long-term mean quite closely. After the collapse of the spring bloom in 
the beginning of June, chlorophyll-a values showed an increasing trend toward the end of August, 
when the cyanobacterial bloom was intense in the eastern Gulf of Finland. Long-term trends in 
chlorophyll-a indicate an increase in summer time phytoplankton biomass in the Gulf of Finland 
and the Baltic Proper. In the Gulf of Bothnia, the chlorophyll-a level has remained low, although in 
the Bothnian Sea the trend is slightly increasing. Late-summer abundance and biomass of most 
important phytoplankton groups in the sub-basins surrounding Finland reveal spatial differences. In 
the Bothnian Bay small phytoplankton species are most important, whereas in the Northern Baltic 
Proper the contribution of filamentous cyanobacteria and dinoflagellates is pronounced. 
Zooplankton populations in the Baltic Sea have changed significantly during 1979-2006.This is 
especially significant in the Baltic Proper and the Gulf of Finland. The neritic copepod 
Pseudocalanus acuspes has decreased, while other copepods have increased. Also large marine 
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cladocerans, Podon spp. and Evadne nordmanni have decreased. Oxygen deficiency in below-
halocline water restricts the biovolume available for neritic zooplankters such as P. acuspes. 
The Bothnian Sea and the Bothnian Bay do not suffer from anoxic deep-water, and there a 
significant increase in zooplankton biomass was observed. Especially the dominant copepods 
Ewytemora spp. and Limnocalanus macrurus have increased. These changes can be attributed to 
salinity fluctuations and eutrophication, the latter causing anoxic conditions in deep water (below 
80 m). However, in the Bothnian Sea and Bothnian Bay systems eutrophication at its early stages 
may be a contributing factor to general zooplankton biomass increase in the area. 
Mercury concentrations in Baltic herring muscle have decreased from the maximum in 1987 and 
the concentrations are also quite low compared with the EU acceptance limit for mercury in fish 
tissue. 
In general, heavy metal concentrations in Baltic herring muscle and liver are elevated in the Gulf of 
Finland, especially for mercury. Also in the Bothnian Bay, similar values have been found 
occasionally. The highest mercury concentrations in Baltic herring muscle were found in the eastern 
Gulf of Finland. In 2005 increased mercury concentrations were found in the Bothnian Bay and in 
the eastern Gulf of Finland. Average cadmium content in herring liver is within the same range in 
all the monitored sea areas, with the exception of somewhat lower values in the western Gulf of 
Finland. The highest average cadmium content in herring liver was found in 2002 in the eastern 
Gulf of Finland. No clear trend is found for cadmium, as there is considerable variability between 
cadmium concentrations of the individual herring livers. 
Lead concentrations in Baltic herring livers are low and often below the detection limit. That was 
the case in 2005 as well. The highest lead concentration in herring liver has been found in 2001 in 
the Archipelago Sea. 
For oil-derived hydrocarbons, results from the winter period indicate significantly decreasing 
levels in five of the Baltic Sea surface water monitoring areas (since 1992/1993; rates of reduction -
0.02 to -0.10 lug 1-1 a-1).  Total oil concentrations from the summer period were distinctively lower, 
but showed no clear temporal trends. Regarding organochlorine compounds, temporal reductions 
in concentrations were most distinct for total DDTs (1985-2005; rates of reduction -0.68 to -0.28 lag 
kg' a-r ), and for HCB and HCHs during recent years (1997/8-2005). HCHs concentrations have 
been below the detection limit since 2005. Regarding total chlorobiphenyls, concentrations are now 
at a lower level than in 1985, but have not decreased as rapidly or linearly as the other 
organochlorine compounds. 
Total chlorobiphenyl values from 2005 suggested an increase from the level of 2001-2002, but 
concentrations returned to the predicted levels again in 2006. 
There was a temporary concentration maximum for all organochlorine compounds during 1997-
1998. Peculiarly, also concentration anomalies of total oil occurred at several sites during the same 
time. 
Analysis of organochlorine content in individual herring muscle began in 1998. Between-sample 
differences in relative standard deviations were typically of the order of 20-40% (maximum 109%), 
clearly exceeding inaccuracies of chemical detection. This indicates that obtaining a large enough 
set of samples is critical for analysis of temporal trends. 
The decreasing concentrations reflect the ban to use these organic compounds and also suggest that 
they are slowly disappearing from the Baltic Sea system. 
Overall, the results of diminishing organic contaminant concentrations are faint positive signals of 
improvement in the chemical status of the Baltic Sea. 
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1. ICE SEASON 2005-2006 
Ari Seinä 
The Baltic Sea ice season of 2005-2006 can be classified as an average one by the extent of the ice 
cover. During the last 30 years there have been 8 severer and 21 milder seasons. 
The ice winter started comparatively late with ice conditions developing during December like in 
warm winters. Ice conditions gradually became more severe and the largest ice cover, 210 000 km2, 
was reached on March 16th (Fig. 1). In April there were night frosts, and the ice melting was slow. 
The ice broke up in most waters about a week later than normal, with the Baltic Sea being ice free 
by the 29" of May 2006. 
Fig. 1. Maximum extent of the ice cover in the ice season of 2005-2006. 
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Fig. 2. Variation of monthly mean air temperature from October 2005 to April 2006 compared to 30- 
year period (1961-1990) during the ice season 2005-2006 in Oulu (northern Bay of Bothnia), 
Mariehamn (Åland Sea) and in Malmö (southern Sweden). 
Fig. 3. Places mentioned in the text. 1 Almagrund, 2 Archipelago Sea, 3 Gogland Island, 4 
Greifswalder Bucht, 5 Gulf of Riga, 6 the two Haffs regions, 7 Helsinki, 8 Häraskär, 9 Härnosand, 
10 Karshamn, 11 Klaipeda, 12 Lake Vänern, 13 Lake Mälaren, 14 Malmö, 15 Mariehamn, 16 Moon 
Strait, 17 Oulu, 18 Pakri, 19 Pommerrsche Bucht, 20 Primorsk, 21 Pärnu Bay, 22 Quark, 23 Ristna, 
24 Seskar, 25 St. Petersburg, 26 Utö, 27 Ventspils, 28 Viborg, 29 Väina meri, 30 Zalew Szcecinski, 
31 Åland Sea, 32 Öland, 33 Öresund. 
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Finnish Ice Service 
FIMR is responsible for the sea-ice information service in Finland. The operational service started in 1915. The 
service is intended to meet the needs of national and international shipping as well as other activities where 
sea ice information is required, in particular fisheries, coastal and harbour activities, forecasting and 
climatology. The Ice Service provides ice information daily and also gives ice forecasts. 
Data acquisition 
Sea-ice data comes from several sources: Finnish and Swedish icebreakers report daily and coastal stations 
send information daily or weekly from 20-30 locations. Also other ships give information. Several satellites are 
central data sources, the satellites' NOAA AVHRR, RADARSAT ScanSARWide and 100 ENVISAT ASAR data 
are exploited in the ice service. 
Sea surface temperatures are measured twice a week at ten coastal stations; in addition measurements are 
obtained from automatic stations, icebreakers and 20-30 merchant vessels with hull thermometers measuring 
along tracks covering the Baltic Sea. In addition air-borne input data are received: annually from 20-30 
reconnaissance flights by fixed-wing planes with infrared soundings along the track. Also space-borne data 
from NOAA AVHRR are used. 
Output production 
Ice charts are issued daily during the ice season. Charts are available on request and telefaxed or e-mailed to 
the users. 
Plain language information is broadcasted daily including possible restrictions to navigation and traffic 
information. 
Bulletins on ice conditions including restrictions to navigation, operational areas of icebreakers and traffic 
information are available on the internet and on request by traditional media. 
November 2005 
November was a mild month and no ice formation took place. 
December 2005 
Early December: The first freezing took place along the coast of northern Bay of Bothnia about one 
month later than normal. The first freezing also occurred along the coast of the eastern Gulf of 
Finland off Viborg and St. Petersburg. This was about one week earlier than normal. 
Mid-December: First freezing took place along the cost of the southern Bay of Bothnia and in the 
Quark, about one week later than normal. Just after mid-December freezing took place also along 
the coasts of the Bothnian Sea, the Archipelago Sea and in the western Gulf of Finland. This took 
place approximately in normal time. 
Late December: A cold period took place, and ice formation took place outside the outer islands of 
the Bay of Bothnia, and in the outer archipelagos of the Bothnian Sea, the Archipelago Sea, and the 
Gulf of Finland. By the end of the month Väina meri, Pärnu Bay, and the northern coast of the Gulf 
of Riga were ice covered. First freezing also took place in Lake Vänern and Mälaren. Also the Haffs 
in the south-eastern Baltic Sea Proper became ice covered. 
January 2006 
Early January: Zalew Szcecinski froze over. In the Bay of Bothnia and the Bothnian Sea there was 
occasional new ice formation. 
Mid-January: Mild weather continued. In the Bay of Bothnia and the Bothnian Sea there was 
occasional new ice formation. 
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Late January: The weather turned cold, and extensive ice formation started. On the 19th of January 
the Quark became ice covered, on the 21st the ice reached Gogland Island in the Gulf of Finland, on 
the 23rd the Baltic coast was ice covered, on the 24th Pommersche Bucht, and on the 28th Oresund. 
Very late in the month the weather became milder and the ice ridged in the northern Bay of Bothnia, 
in the Bothnian Sea there was a brash ice barrier off the Finnish coast, and in the eastern Gulf of 
Finland the ice drifted east of Seskar. The ice in Öresund melted away. On the outer sea areas ice 
thickness was in the northern Bay of Bothnia 5-20 cm, eastern Gulf of Finland 10-30 cm, and in 
the northern Gulf of Riga 10-20 cm. 
February 2006 
Early February: The weather turned cold again, and freezing took place. On the 6t" of February the 
Gulf of Finland and Gulf of Riga were totally ice covered, and the Bay of Bothnia and the northern 
Åland Sea were almost ice covered. 
Mid-February: The Bay of Bothnia became totally ice covered, approximately one month later than 
normal. In the same time there was 20-30 nautical miles of ice off the Finnish coast in the Bothnian 
Sea, the Gulfs of Finland and Riga were ice covered, in the Baltic Sea Proper off the Baltic coast 
there was ice for 5-10 nautical miles, and the Swedish archipelago become ice covered. 
Late February: The weather was milder and ice coverage decreased. The ice drifted to the northeast 
and new ridges formed in the Bay of Bothnia and Gulf of Finland. On the outer sea areas ice 
thickness was in the northern Bay of Bothnia 15-40 cm, southern Bay of Bothnia 10-20 cm, in the 
northern Bothnian Sea 5-20 cm, western Gulf of Finland 5-10 cm, eastern Gulf of Finland 30-45 
cm, and Gulf of Riga 20-40 cm. 
March 2006 
Early March: With low air temperatures freezing started again. 
Mid-March: Maximum extent of ice cover was reached on the 16th of March, when ice covered 
210,000 km'. On that day the Gulf of Bothnia, the Gulf of Finland and Gulf of Riga were totally ice 
covered, and in the Baltic Sea Proper the ice-edge was along the line Karsham — Oland — 
Häradskär — Almagrund — northeast of Ristna — west of Venspils — south of Klaipeda. The Haffs, 
Zalew Szcecinski, Greifswalder Bucht, and Lakes of Vänern and Mälaren were also ice covered 
(Fig. 3). After that the ice extent decreased. 
Late March: By late March the Bothnian Sea was partly open, and off the Baltic coast the ice 
melted. On the outer sea areas ice thickness was in the northern Bay of Bothnia 10-50 cm, southern 
Bay of Bothnia 10-40 cm, Bothnian Sea 5-25 cm, Åland Sea 5-20 cm, western Gulf of Finland 5-
30 cm, eastern Gulf of Finland 35-50 cm, and Gulf of Riga 10-40 cm. 
April 2006 
Early April: The Bothnian Sea become mostly open, and the ice-edge in the northern Baltic Sea 
Proper was along the line Utö — Pakri. 
Mid-April: Because of night frosts the ice melting was slow in April. By mid-April the ice melted in 
the southern Baltic Sea, half of the Gulf of Riga and Gulf of Finland were open, and the Åland Sea 
and Bothnian Sea were open. A wide lead opened off the Finnish coast in the Bay of Bothnia. 
Late April: Lakes of Vänern and Mälaren become open. The Swedish coast was open south of 
Härnösand, but the Finnish coast was still ice covered. In the Gulf of Riga there was ice in Moon 
Strait and off Pärnu Bay. The fairway to St. Petersburg become open, and the ice in the Gulf of 
Finland was mostly north of the line Primorsk — Helsinki. The high sea of the southern Bay of 
Bothnia became open. Ice thickness on the outer sea areas of the Bay of Bothnia was in the northern 
parts 30-60 cm and in the middle parts 20-40 cm. 
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May 2006 
Early May: In the Gulf of Finland, the Archipelago Sea and the Bothnian Sea the ice melted away 
about one week later than normal. Half of the Bay of Bothnia was open. 
Mid-May: The remaining ice in the Bay of Bothnia was north of the latitude of Oulu. The ice was 
mostly rotten with scattered heavy ridges. 
Late May: By end of the month the ice melted, which is about the normal time. Some large ridges 
up to 15 m thick drifted on the Swedish side of the Bay of Bothnia. 
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2. WAVE CLIMATE IN THE NORTHERN BALTIC PROPER 
AND IN THE GULF OF FINLAND 2006 
Heidi Pettersson 
In 2006 waves were measured at one location in the Gulf of Finland and at two locations in the 
Baltic Proper (Fig. 1). The wave climate is described in terms of two parameters, the significant 
wave height and the wave action depth. In the area covered by the measurements the wave climate 
in 2006 was somewhat calmer than usual. 
Fig. 1. The wave measuring stations in 2006. Red dot: Northern Baltic Proper (59°15.0' N, 21°00.0' 
E), blue dot: Helsinki (59°57.9'N, 25°14.1'E and green dot: Gotland (57°25.'N, 19°03.2'E). 
Significant wave height 
In the Northern Baltic Proper the significant wave height remained under five meters in January and 
February was calmer than usual (Fig. 2, top panels). Due to the risk of ice the wave buoy was 
recovered at the beginning of March and redeployed at the beginning of May. The significant wave 
height did not exceed 2.3 metres during May—August, except on 24 May when the significant wave 
height reached 3.9 metres. Rougher seas in May have been observed only twice before in the past 
ten years. In September the significant wave height remained under 3.5 metres, and during the first 
autumn storm 27-28 October the significant wave height was 5.1 metres at the highest. In 
November the significant wave height was over four metres once. The wave climate in December 
was rougher than usual. Although no record values were measured, the significant wave height was 
over one metre 88 % of the time and exceeded four metres four times. The highest significant wave 
height for the year was 6.7 metres, measured 11 December. 
In the Gulf of Finland the wave buoy measured significant wave heights over three metres twice 
before it was recovered 25 January. The buoy was redeployed at the beginning of May. On 24 May 
a significant wave height of three metres was measured, which is the highest ever measured in May 
at this location (Fig. 2, middle right hand panel). From June to August, the significant wave height 
remained under 1.9 metres. In September the significant wave height exceeded two metres only 
once, and during the first autumn storm 28 October a significant wave height of 3.7 metres was 
recorded which was also the highest measured value for the year. In November the significant wave 
height exceeded three metres once. Like in the Northern Baltic Proper, the wave climate was on 
average rougher than usual in December (Fig. 2, middle left hand panel). Even if the significant 
wave height exceeded three metres only twice, it was over 0.8 metres 90 % of the time. 
0 
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In the Baltic Proper, close to the eastern shore of the Swedish island Gotland (Fig. 1), the significant 
wave height remained under four metres in January. The buoy was recovered at the beginning of the 
February and redeployed at the beginning of May. From May to August, the significant wave height 
exceeded two metres twice, on 14 July and 12 August. September and October were calmer than 
usual (Fig. 2, lowest panels) and the significant wave height remained under three metres. The wave 
climate in November and December was typical for the season. The highest significant wave height 
was four metres, measured 1 November, which was also the highest for the whole measuring period. 
Northern Baltic Proper 
	 Northern Baltic Proper 
2.5 
E 
▪ 2 m � 
s 
a) 
1.5 
~ 1 c 
rn 
c 0.5 
ca ~ 
0 
1 2 3 4 5 6 7 8 9 1011 12 
Month 
1 2 3 4 5 6 7 8 9 1011 12 
Month 
Helsinki 
	
Helsinki 
25 
E 
å, 2 .(T) s 
• 1.5 
O • 1 
c 
rn 
c 0.5 
ro 
~ 
0 
E8 
t 
rn 
6 s a~ 
as> 
ro 4 0 
c 
rn N 
E 2 
E 
2 0 
1 2 3 4 5 6 7 8 9 1011 12 
	
1 2 3 4 5 6 7 8 9 1011 12 
Month 
	
Month 
Gotland 
	
Gotland 
1 2 3 4 5 6 7 8 9 1011 12 
	
1 2 3 4 5 6 7 8 9 1011 12 
Month 
	
Month 
Fig. 2. The monthly means (left panels) and maxima (right panels) of the significant wave height. 
Top panels: station Northern Baltic Proper, middle panels: station Helsinki and lowest panels: 
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Wave action depth 
The friction at the bottom caused by the wave action can be an important factor when e.g. the 
sediment resuspension, biota and chemical properties in the benthic boundary layer are considered. 
As an indicator of the wave action at the three measuring sites a wave action depth was defined as a 
depth at which the root-mean-square velocity (Urns) of the waves is 5 cm/s. 
The wave field consists of waves with different heights and lengths. The longer the wave is, the 
deeper in the water its influence penetrates. Due to the irregular nature of waves the root-mean-
square velocity was chosen instead of the more often used maximum orbital velocity. The root-
mean-square velocities were calculated from a coarse wave spectrum with eight frequency bands in 
order to resolve the influence of waves of different lengths. The U,,,s = 5 cm/s corresponds to the 
critical value of the Shield's parameter of coarse silt (0.06 mm grain size). The friction factor 
needed to calculate the critical velocity for sediment movement was calculated with the help of the 
theory of Grant & Madsen (1982) and taking into account the settling velocity of the grains and the 
statistical properties of the wave field. The time series of the wave action depth from the three 
stations are plotted in Figure 3. 
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Wave measurements 
Waves are measured with Directional Waveriders. These surface following buoys measure the waves and their 
direction with three accelerometers and a compass. The wave spectrum is calculated on board the buoy from a 
time series of 1600 s. The measurements are recorded at receiving stations every 0.5-1 hour. The significant 
wave height is calculated from the spectrum over a frequency range of 0.05-0.58 Hz. Further the spectrum is 
divided into eight frequency bands and the significant wave height for each band is calculated. These latter 
data are used in the calculations of the root-mean-square velocity profiles. 
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The average wave action depth in 2006 at the measuring sites was typically 5-10 metres from May 
to August and 10-30 metres during autumn and winter, which was close to the long-term averages 
(Fig. 4, left hand panels at the top). hi the Northern Baltic Proper where the water depth at the 
station is 100 metres, the wave action can reach the bottom in autumn, winter and spring, while in 
summer the wave action depth has been between 50 to 75 metres at its deepest (Fig. 4, right hand 
panels at the top). In 2006, the wave action reached the depth of 100 metres once, during the same 
storm as the highest significant wave height was measured in December. The wave action depth was 
deeper than 50 metres several times during the autumn and winter (Fig. 3). From May to August the 
maximum wave action depths were 20-50 metres (Fig. 4, right hand panel at the top). 
In the Gulf of Finland the water depth at the location of the wave buoy is 62 metres. The wave 
action depth was close to or deeper than 40 metres six times in the autumn and winter, and once in 
May (Fig. 3). From June to September the maximum wave action depth was around 20 metres. The 
wave action reached the bottom during the first autumn storm 28 October (Fig. 4, middle right hand 
panel). During the same storm the wave action depth in the Northern Baltic Proper was 77 metres. 
At the shallowest station, station Gotland (39 metres), the wave action can be expected to reach the 
bottom every month (Fig. 4, lowest right hand panel). In 2006, wave action reached the depth of 39 
metres several times in the autumn and winter and once in July but remained between 20 and 30 
metres during the remaining months (Fig. 3 and Fig. 4, lowest right hand panel). 
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The oldest Finnish tide gauge station is seen in the middle of the picture. 
It was built in 1887 at Hanko. 
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3. SEA LEVEL VARIATION ON THE FINNISH COAST 
Hanna Boman 
Compared to the long-term average, the average sea level in 2006 was 10-30 cm lower in January—
March and in July—August, about 25 cm higher in November, and 30-40 cm higher in December. 
The average sea level rose about 40-50 cm during November and December. As usual, short-term 
fluctuations were strongest in January—February and October—December, locally in the Bay of 
Bothnia and in the eastern part of the Gulf of Finland. No annual or monthly records were exceeded 
or reached. 
Fig. 1 shows the monthly mean of the sea level in 2006 for Helsinki, with the long-term monthly 
mean averages for comparison (similar figures for all stations in Annex 1). Fig. 2 shows the 
monthly extreme values of 2006 for Helsinki, with the earlier observed maximums and minimums 
until the end of 2005 for comparison (similar figures for all stations in Annex 2). 
Fig. 1. The monthly mean of the 2006 sea level heights compared to the average monthly means of 
all observations until the end of 2005 in Helsinki, referred to the theoretical mean sea level (cm). 
Fig. 2. The extreme values of the 2006 sea level heights compared to the extremes of all 
observations until the end of 2005 in Helsinki, referred to the theoretical mean sea level (cm). 
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The daily mean and the total daily variation of the sea level in 2006 for Helsinki are presented in 
Fig. 3 (similar figures for all stations in Annex 3). 
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Fig. 3. The daily means (black) and the total daily variation (blue) of the 2006 sea level heights in 
Helsinki, referred to the theoretical mean sea level (cm). 
The regional distribution of annual frequencies is presented in Fig. 4, and the annual distributions of 
monthly frequencies in Oulu, Mäntyluoto, Föglö and Helsinki are presented in Fig. 5, based on the 
full time series until the end of 2006, together with the corresponding distributions of 2006. 
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Fig. 4. The regional distribution of the annual frequencies of sea level heights (black curves) and 
the extremes (red curves), based on the whole time series until the end of 2006, together with the 
distribution in 2006 (blue areas and blue curve of 50%), referred to the theoretical mean sea level 
(cm). The percentages represent the time that sea level reaches or exceeds the value of the curve 
during a year, for example 5% corresponds 18 days in a year. 
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Fig. 5 (a—d). The annual distribution of the monthly frequencies of sea level heights (black curves) 
and the extremes (red curves) in a) Oulu, b) Mäntyluoto, c) Föglö and d) Helsinki, based on the 
whole time series until the end of 2006, together with the distribution in 2006 (blue areas and blue 
curve of 50%), referred to the theoretical mean sea level (cm). The percentages represent the time 
that sea level reaches or exceeds the value of the curve during a month, for example 50% 
corresponds 15 days in a month. 
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Fig. 5 (a—d). The annual distribution of the monthly frequencies of sea level heights (black curves) 
and the extremes (red curves) in a) Oulu, b) Mäntyluoto, c) Föglö and d) Helsinki, based on the 
whole time series until the end of 2006, together with the distribution in 2006 (blue areas and blue 
curve of 50%), referred to the theoretical mean sea level (cm). The percentages represent the time 
that sea level reaches or exceeds the value of the curve during a month, for example 50% 
corresponds 15 days in a month. 
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The trends in the annual means of sea level in Hanko and Vaasa are presented in Fig. 6, together 
with the theoretical mean sea level. The yearly change of the mean sea level is considerably faster in 
Vaasa than in Hanko because of the stronger land uplift rate. More about the mean sea level on the 
Finnish coast may be read in Johansson & al. (2003) and Johansson & al. (2004). 
All data are referred to the theoretical mean water. 
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Fig. 6. The observed annual mean sea level in Hanko and Vaasa (blue curves), together with their 
15-year moving average (black solid curves), referred to the FIMR standard bedrock bound 
reference level, and the theoretical mean sea level (black dashed curves). 
The theoretical mean sea level 
The theoretical mean water is a forecast, made for practical purposes, for the long-term mean value of sea 
level. More precisely, it is an expectation value calculated such that the land uplift as well as the slow rise of 
sea level are taken into account. Because of these changes the theoretical mean water is not a constant, but 
changes every year. The FIMR monitors the change yearly, and confirms the height of the theoretical mean 
water for 5 years onwards. The theoretical mean water is commonly used as a reference level when sea level 
information are given to the public, for instance through the internet, radio and newspapers. 
January 2006 
In January the prevailing air pressure over the area was higher than average. The sea level was 
falling during the first third of January. The lowest local sea levels of 2006 were measured in the 
Gulf of Finland (-60 — -86 cm) and in Turku (-58 cm) when the cold air pressure was at its highest. 
The average sea level of the month was 13-27 cm below the long-term average. 
February 
Though the sea level was rising at the beginning of February, it fell after the middle of the month, 
and the monthly mean stayed 14-20 cm below the long-term average. 
March 
The sea level continued falling until the middle of the month; the wintry high air- pressure 
contributed to the situation, and the sea level descended temporarily below -50 cm at all stations. 
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The lowest local values of 2006 were measured in the Bothnian Sea (-63 — -69 cm), in Föglö (-52 
cm), and in Pietarsaari (-65 cm). After that the sea level began to rise again. The average sea level 
of the month was 22-29 cm below the long-term average. 
Fig. 7. The Finnish sea level stations. 
Finnish sea level measurements 
The Finnish sea level measurements come from 13 tide gauge stations operated by the Finnish Institute of 
Marine Research (Fig. 7). The longest series is from Hanko, beginning in 1887, and the shortest from Rauma, 
beginning in 1933. Nowadays the stations are equipped with continuously functioning recording instruments, 
and hourly observations are collected automatically with a resolution of 1 mm. A more detailed description of 
the Finnish sea level recordings was presented in Johansson & al. (2001). 
Sea level observations are needed among other things for port and route planning, mapping, building activity 
and navigation. Longtime sea level series are utilized to study possible effects of climate change to the Baltic 
sea level. The data are also very important for studies and rating of the postglacial land upheaval in Finland. 
April 
The sea level continued to rise over the middle of April, coming up zero when several low-pressure 
areas were moving from south and south-west to north-east. During the last third of April the 
weather was affected by an eastern high-pressure area and the sea level began to fall again. The 
monthly mean was quite normal, about 5 cm above the long-term average. 
May 
The high pressure prevailed until 10th May, and the sea level continued to fall. Then low-pressure 
areas began to arrive from the west and southwest, and the sea level began to rise. The average sea 
level was close to normal. 
June 
The sea level was still rising during the first days of June, and began to fall when the southern high 
pressure strengthened. The fall was slower but the fluctuation stronger in the Bay of Bothnia than 
elsewhere. The average sea level was quite normal. In late June the sea level fluctuated around 
about -10 cm. 
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July 
A low pressure prevailed for most of the month. The sea level mainly fluctuated around -10 cm, but 
on 13th of July a thunderstorm raised the sea level temporarily to about +50 cm in the northern part 
of the Bay of Bothnia. The monthly mean was 8-17 cm below normal. 
August 
The fluctuation around -10 cm continued until the end of August, when low-pressure areas began to 
arrive from the southwest and the sea level began to rise. The average sea level was 10-18 cm 
below the long-term average. 
September 
The rising continued during the first days of September. In the middle of the month a high-pressure 
area strengthened and the sea level fell again. The fluctuation became stronger than in the summer, 
which is characteristic. The average sea level stayed near the long-term average. 
October 
The strong fluctuation continued. In late October the sea level temporarily descended to -60 — -80 
cm in the Bay of Bothnia, with strong fluctuations. In the other areas the sea level rose temporarily 
to the level of 43-114 cm, with the highest levels in the easternmost part of the Gulf of Finland. The 
low-pressure areas with strong winds contributed to the situation. The mean of the month was near 
the long-term average except in the Bay of Bothnia, where it was 10-15 cm below the long-term 
average. 
November 
At the end of October and on turning to November, strong low pressures went over towards the east, 
and stormy winds were blowing. Due to the northerly winds, in the Bay of Bothnia the sea level 
temporarily fell to the lowest local level of 2006 (-72 — -84 cm), and the fluctuation was very strong 
in all sea areas. After that the average sea level began to rise because of the inflow through the 
Danish Straits. On 26th November the sea level temporarily reached +119 cm in the Bay of Bothnia 
due to stormy southwesterly wind. Until the middle of the month, the average sea level reached 
about +40 cm, in the Bay of Bothnia about +50 cm, and it fell by some 10 cm by the end of the 
month. The mean of the month was about 25 cm higher than the long-term average. 
December 
Strong fluctuation prevailed during December because of low pressures and strong winds. On 11th — 
16th December the highest sea levels of the year were reached in all sea areas (+65 — +131 cm) 
because of a strong low pressure and high gales from the south and southwest. Average sea level 
was 30-43 cm above the long-term average. In the middle of the month the average sea level was 
the highest in 2006, about +50 — +60 cm, and at the end of the year around +40 cm. 
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Annex 1. The monthly means of the 2006 sea level heights compared to the average 
monthly means of all observations until the end of 2005 in the Bay of Bothnia (Kemi, Oulu, 
Raahe, Pietarsaari), in the Bothnian Sea (Vaasa, Kaskinen, Mäntyluoto, Rauma), in the 
Archipelago Sea (Föglö, Turku) and in the Gulf of Finland (Hanko, Helsinki, Hamina), 
referred to the theoretical mean sea level (cm). 
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Annex 2. The extreme values of the 2006 sea level heights compared to the extremes of 
all observations until the end of 2005 in the Bay of Bothnia (Kemi, Oulu, Raahe, 
Pietarsaari), in the Bothnian Sea (Vaasa, Kaskinen, Mäntyluoto, Rauma), in the 
Archipelago Sea (Föglö, Turku) and in the Gulf of Finland (Hanko, Helsinki, Hamina), 
referred to the theoretical mean sea level (cm). 
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Annex 3. The daily means (black) and the total daily variation (blue) of the 2006 sea level 
heights in the Bay of Bothnia (Kemi, Oulu, Raahe, Pietarsaari), in the Bothnian Sea 
(Vaasa, Kaskinen, Mäntyluoto, Rauma), in the Archipelago Sea (Föglö, Turku) and in the 
Gulf of Finland (Hanko, Helsinki, Hamina), referred to the theoretical mean sea level (cm). 
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4. HYDROGRAPHY, OXYGEN AND NUTRIENTS CONDITIONS 
Pekka Alenius, Hannu Haahti & Riikka Hietala 
Physical parameters, temperature and salinity, are fundamental for seawater because they determine 
the density and therefore partly the dynamics of water masses. Oxygen concentration is essential for 
life conditions and for many chemical processes. Nutrient concentrations are good indicators of the 
eutrophication of the sea, and the best picture can be obatined in mid-winter when there is no 
primary production and thus the nutrient concentrations are at the highest, forming the potential for 
the next spring blooms. 
The Finnish Institute of Marine Research conducts monitoring cruises, operates coastal stations and uses 
remote sensing and ships of opportunity to collect the physical and chemical data. Temperature and salinity 
analysis is based on these data. The subsequent analysis of nutrient concentrations is based on data from 
regular monitoring cruises in winter. We have chosen phosphate (marked as PO4) and combined nitrate+nitrite 
(marked as NO3+NO2) for analysis and taken the column average values to describe the state of the sea. The 
data from the most representative observation stations from each sea area is taken into account (see Fig. 1). 
Fig. 1. Standard monitoring stations of the Finnish Institute of Marine Research. 
Gulf of Bothnia 
Temperature and salinity conditions in the Gulf of Bothnia in 2006 were generally quite similar to 
those in 2005. Sea surface temperature was well above the average in summer 2006 and especially 
in October the sea surface was unusually warm. Also in August the mixed layer temperature in the 
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open sea was high. The mixed layer depth, however, remained at quite normal values, around 10 m 
in August. 
Deepwater temperature was at least in some places even below typical values. In the deep waters of 
the southern Bothnian Bay the temperature has its annual minimum (0-1.5°C) in spring from March 
to May and maximum (1.5-5.0°C) in the autumn. In 2006 the August temperature at 100 m depth in 
the southern Bothnian Bay was the lowest measured during forty years, but in the northern Bothnian 
Bay the deepwater temperature at 80 m depth was normal. 
In the Bothnian Sea the deep water temperatures were generally normal or slightly higher than 
normal in 2006. 
Sea surface and bottom salinity in the Gulf of Bothnia were roughly at the same level in 2006 as in 
2005. 
• SR5 
A US5B 
• B03 
• F2 
Fig. 2. Sea surface salinity in the Bothnian Sea (SR5 and US5B) and in the Bothnian Bay 
(B03 and F2). 
The long-term variation of the sea surface salinity has been similar both in the central Bothnian Sea 
and in the central Bothnian Bay (Fig. 2). The variability is larger in the northern part than in the 
southern part of both areas. Sea surface salinity was at a higher level from the 1960's to 1980's, 
being around 6 in the southern Bothnian Sea, 5-6 in the northern Bothnian Sea and around 3.5 in 
the Bothnian Bay. The only exception was the period from 1966 to 1970 when the salinity was 
about 0.5 lower. After the 1980's sea surface salinity decreased slowly to around 5.5 in the southern 
Bothnian Sea, to 4.5-5.5 in the northern Bothnian Sea and to around 3 in the Bothnian Bay. 
Over the long term the bottom water salinity in the Bothnian Sea increased from 6.5 to over 7 
during the 1960's and 1970's (Fig. 3). It was highest at the end of the 1970's where after it 
decreased slowly to round 6.5. In 1985 bottom salinity increased again to over 7. During the next 
ten years the bottom salinity showed a decreasing trend and dropped near to 6 before the middle of 
the 1990's. After that it has increased slowly but not monotonously. 
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Fig. 3. Salinity near the bottom in the Bothnian Sea (SR5 at 100 m and US5B at 200 m) and in the 
Bothnian Bay (BO3 at 100 m and F2 at 70 m). 
Similar characteristics can be seen in the bottom salinity variations in the Bothnian Bay. There the 
salinity (3-4.5) is about 2 units lower than in the Bothnian Sea and decreases towards the north. 
Time 
Fig. 4. Oxygen near the bottom in the southern Bothnian Sea (SR5). 
Oxygen concentrations in the Bothnian Sea in 2006 were roughly at the same level as in 2005. In 
both years the early summer concentrations were exceptionally low especially in the southern 
Bothnian Sea, around 4 mI/I. Low oxygen concentration has earlier been observed occasionally in 
the early 1980's and around 2000 (Fig. 4). In the Bothnian Bay the deepwater oxygen conditions 
were good (>7 m1/1) in 2006 as usually: - 
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Average nutrient concentrations 
For the both nutrient parameters, phosphate and nitrate+nitrite, integrated average values are calculated. The 
whole water column from surface to bottom is taken as the integration interval. The values between 
measurement points are interpolated linearly, and, if needed, the intervals between sea surface and surface 
measurement value, and bottom and bottom measurement value are assumed to be the same as the nearest 
measured value. In this way the whole water column is summed up and divided by the water depth, and the 
result is a weighted average nutrient concentration of the water column. These average phosphate and 
nitrate+nitrite concentrations are specifically chosen for relevant description of the total nutrient supply at 
respective locations during long time periods. 
The phosphate concentration (<0.1 µmol/1) in the Bothnian Bay is always vesy low, often even 
below the detection limit (Fig. 5). Therefore the variations in phosphate concentrations have no 
practical significance. 
Fig. 5. Winter-time average phosphate concentration (pmol/I) in the Southern Bothnian Bay (B03). 
The nitrate+nitrite concentrations (5-9 µmol/l) in the Bothnian Bay show some increase in 1980's, 
but after that the level has been quite stable (Fig. 6). The concentrations in 2006 can be considered 
to be normal for the sea area. 
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Fig. 6. Winter-time average nitrate+nitrite concentration (pmol/I) 
in the Southern Bothnian Bay (B03). 
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Phosphate concentration in the Bothnian Sea (0.25-0.6 µmo1/1) has had small low-frequency 
variability in the last two decades (Figs. 7 and 8). The concentrations were higher in winter 2000 
and after that first decreased and then increased again until 2005. In 2006 the concentrations were 
around 0.4 µmol/l like in 2005 and can be considered to be quite normal for the sea area. 
Fig. 7. Winter-time average phosphate concentration (pmol/I) in the Northern Bothnian Sea (US5B). 
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Fig. 8. Winter-time average phosphate concentration (pmol/I) in the Southern Bothnian Sea (SR5). 
The nitrate+nitrite concentration in the Bothnian Sea (2-6 µmol/1) has been quite stable (Figs. 9 and 
10). There was a slight increase in late the 1970's and early 1980's, but after that the variability has 
been rather irregular. During last three years, including 2006, the concentrations have been lower 
than around the year 2000, but they can still be considered to be rather typical for the sea area. 
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Fig. 9. Winter-time average nitrate+nitrite concentration (pmol/I) in the 
Northern Bothnian Sea (US5B). 
Fig. 10. Winter-time average nitrate+nitrite concentration (imol/I) in the 
Southern Bothnian Sea (SR5). 
Åland Sea 
Sea surface temperature was above average in summer and early autumn, in October even 2-3°C 
higher than normal. Cold weather caused cooling of surface water to the normal level in November. 
Sea surface temperature was 1-1.5°C higher again in December due to warm weather. The seasonal 
cycle of temperature below the halocline was near the average, but salinity measured in August was 
slightly higher than during the last 15 years. 
The long-term characteristics of sea surface salinity in the Åland Sea resemble those of the Southern 
Bothnian Sea, but the variance (4.5-7.5) is larger (Fig. 11). Over the long term the salinity below 
the halocline increased in the 1960's and 1970's (Fig. 12). It decreased from the early 1980's to the 
middle of the 1990's. After that it has increased slowly like the deep-water salinity of the Bothnian 
Sea. The oxygen concentrations have varied roughly between 6 and 8 m1/I near the bottom (Fig. 
13), although oxygen concentrations below 6 mUl have been measured several times during the last 
seven years and occasionally in the 1970's. 
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Fig. 11. Sea surface salinity in the Åland Sea (F64). 
1965 1970 1975 1980 1985 1990 1995 2000 2005 
Time 
Fig. 12. Salinity (dark blue) and oxygen concentration (green) of the deep-water (225 m) 
in the Åland Sea (F64). 
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Fig. 13. Oxygen concentration near the bottom in the Åland Sea (F64). 
Phosphate concentration in the Åland Sea (0.4-0.9 µmol/1) has been quite stable since the 1980's 
(Fig. 14). In the last three years it has been somewhat higher than the long-term average 
(0.6 µmol/1). 
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Fig. 14. Winter-time average phosphate concentration (pmol/I) in the Åland Sea (F64). 
Nitrate+nitrite concentration has varied between 3 and 6 µmol/1 and had a slightly decreasing trend 
from 1994 (Fig. 15). The present value 3.7 µmol/1 is below the long-term average. 
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Fig. 15. Winter-time average nitrate+nitrite concentration (pmol/I) in the Åland Sea (F64). 
Gulf of Finland 
The most noticeable feature of hydrography of the Gulf of Finland in 2006 was the existence of an 
unusually strong halocline in late summer (Fig. 16). Sea surface temperature in the open sea was 
above average in midsummer and in late autumn. Coastal sea surface temperature was exceptionally 
high in autumn except for two cold periods that were around the middle of September and in the 
beginning of November. 
In late autumn 2005 the central part of the Gulf of Finland was still weakly stratified. The situation, 
however, changed between the middle of December and the middle of January when a more saline 
water mass entered the open sea area of the Gulf More saline and low-oxygen water continued to 
flow into the Gulf during spring and summer. It caused the halocline to be stronger than normally 
already in March. In late summer, the bottom salinity and temperature were high and the halocline 
was nearer to the surface than usually even at the station LL3A in the eastern waters of Finland 
(Figs. 17-20). This led to a very bad oxygen situation in the near-bottom water at depths greater 
than 50-60 m. Oxygen concentrations in the deep water were very low and at the end of July 
hydrogen sulphide was observed at all Finnish open sea monitoring stations in the Gulf of Finland 
(Fig. 21). 
In the autumn 2006 the bottom salinity decreased and the halocline weakened. 
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Fig. 16. Variation of temperature and salinity in the central Gulf of Finland (LL7) 
during years 2004-2006 (the graph by Tuomo Roine). 
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Fig. 17. Seasonal variation of deep-water salinity at the mouth region of the Gulf of Finland 
(LL12 / 70 m). Red dots in the figure indicate the observations in 2006, grey dots 1963-2005. 
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Fig. 18. Seasonal variation of deep water salinity in the central Gulf of Finland (LL7 / 70 m). 
Red dots in the figure indicate the observations in 2006, grey dots 1962-2005. 
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Fig. 19. Seasonal variation of deep-water salinity in the eastern waters of Finland (LL3A / 60 m). 
Red dots in the figure indicate the observations in 2006, grey dots 1973-2005. 
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Fig. 20. Seasonal variation of deep-water temperature in the central Gulf of Finland (LL7 / 70 m). 
Red dots in the figure indicate the observations in 2006, grey dots 1962-2005. 
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Fig. 21. Seasonal variation of deep-water oxygen content in the central Gulf of Finland (LL7 / 70 m). 
Red dots in the figure indicate the observations in 2006, grey dots 1962-2005. 
The salinity of the near-bottom waters in the deeps of the Gulf of Finland is highly variable (Figs. 
22-24). The Gulf is connected to the Baltic Proper without sills and variations in deep-water 
conditions in the Baltic Proper impact directly on the deep-water conditions in the Gulf of Finland. 
Because of the strong horizontal salinity gradients, the water movements are reflected as salinity 
changes in a given location as well. The depth of the halocline varies between 50 and 80 in, thus 
many open sea areas in the Gulf are shallow enough to be mixed down to the bottom every year in 
late autumn or winter (compare the wave action depth in chapter 2). 
In spite of the large variability, some general long-term characteristics can be identified. The rather 
frequent major inflows of saline water into the Baltic Sea helped to keep the salinity at a certain 
level up to end of the 1970's also in the Gulf of Finland. The long stagnation period in the 1980's 
and 1990's resulted in decreasing salinities. In the early 1990's the salinity began to increase, 
probably due to the major inflow in 1993. 
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Fig. 22. Long-term changes of deep-water salinity in the mouth region of the 
Gulf of Finland (LL12 / 70 m). 
Fig. 23. Long-term changes of the deep-water salinity in the central Gulf of Finland (LL7 / 70 m). 
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Fig. 24. Long-term changes of deep-water salinity in the eastern waters of Finland (LL3A / 60 m). 
The great variability of the salinity conditions along the deep bottom waters of the western Gulf of 
Finland results in highly variable oxygen conditions as well (Fig. 25). When there is a clear and 
strong halocline, the oxygen concentration drops to zero, but on the other hand mixing during 
severe storms and deep-water movements can renew the waters. 
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Fig. 25. Long-term changes of deep-water oxygen content in the 
central Gulf of Finland (LL7 / 70 m). 
In the beginning of 2006 phosphate concentrations were rather normal (around 1 [mol/1) in the Gulf 
of Finland except at station LL7 where it was above the typical values. Nitrate+nitrite levels had 
returned to normal (around 6-8 µmol/1) after previous years higher value. Due to the vesy bad 
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oxygen situation in spring and summer, phosphate concentrations near the bottom rose to quite high 
level at the open sea stations. 
Phosphate in the Gulf of Finland seems to vary slowly over time (Figs. 26-28). There was a slight 
decrease in the 1980's to below 1 µmol/l and then an increase to over 1.5 µmol/1 in the early 2000's. 
Fig. 26. Winter-time average phosphate concentration (pmol/I) in the mouth region of the 
Gulf of Finland (LL12). 
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Fig. 27. Winter-time average phosphate concentration (pmol/I) in the central Gulf of Finland (LL7). 
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Fig. 28. Winter-time average phosphate concentration (pmol/I) in the Eastern waters of Finland in 
the Gulf of Finland (LL3A). 
Nitrate+nitrite concentrations increased slowly from about 6 mol/1 to over 10 µmo1/1 at the eastern 
coast of Finland during the 1980's, but have slowly decreased to around 6-8 µmol/1 in the 1990's 
and 2000's (Figs. 29-31). The concentration increases towards the east. The concentrations in 2006 
did not differ from the general pattern. 
Fig. 29. Winter-time average nitrate+nitrite concentration (pmol/I) in the mouth region of the 
Gulf of Finland (LL12). 
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Fig. 30. Winter-time average nitrate+nitrite concentration (pmol/I) in the 
central Gulf of Finland (LL7). 
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Fig. 31. Winter-time average nitrate+nitrite concentration (pmol/I) in the Eastern waters of Finland in 
the Gulf of Finland (LL3A). 
The Northern Baltic Sea Proper 
The variation of sea surface temperature in the northern Baltic Proper in 2006 was similar to that in 
the open sea areas of the Gulf of Finland because of similar regional weather conditions. The 
exceptionally warm autumn affected the sea surface temperature so that it was about 3°C higher 
than normal in October. The cold weather in November dropped the sea surface temperature to 
normal level, but after that the warm weather in December caused the sea surface to be 1-2°C 
warmer than normally in December. 
Surface salinity was at the same level during 2006 as during the past ten years (Fig. 32). Like in the 
Gulf of Finland, the halocline was higher than usually in summer. Salinity and temperature below 
the halocline were high and at about the same level as during the last three years. Oxygen 
conditions were bad; at least below 90 m depth the water was anoxic. 
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Fig. 32. Long-term salinity changes at the surface in the Northern Baltic Sea Proper (LL17). 
Over the long term, temperature and salinity below the halocline decreased in the 1980's after the 
major inflows in the late 1970's (Fig. 33). After being lower than ever during the 40-year 
observation period they started to increase around 1990. Nowadays temperature is around 5.5-6°C 
and salinity around 11-11.5 below the halocline. 
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Fig. 33. Long-term temperature (red) and salinity (blue) changes in deep water in the 
Northern Baltic Sea Proper (LL17 / 100 m). 
Oxygen concentrations below the halocline are always quite low. Hydrogen sulphide has been 
measured below the halocline every year since 1998 (Fig. 34). 
Near the bottom (>150 m) high hydrogen sulphide concentrations have been measured during the 
last seven years (Fig. 35). Before 2000 oxygen concentration in bottom waters was usually very low 
and hydrogen sulphide was measured occasionally. 
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Fig. 34. Long-term oxygen concentration (green) and hydrogen sulphide (brown) changes in deep 
water in the Northern Baltic Sea Proper (LL17 / 100 m). 
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Fig. 35. Long-term oxygen concentration (green) changes and hydrogen sulphide (brown) near the 
bottom in the Northern Baltic Sea Proper (LL17). 
Phosphate concentrations (1.5-2.5 µmo1/1) in the Northern Baltic Sea Proper were roughly at the 
same level as during the last decade (Fig. 36). 
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Fig. 36. Average phosphate concentration (pmol/I) in the Northern Baltic Sea Proper (LL17). 
Nitrate+nitrite concentration (— 2 µmol/1) in 2006 was at the same level as during the last five years 
(Fig. 37). From the mid-1980's to the end of the 1990's the nitrate+nitrite level was considerably 
higher in the area (— 6-8 µmol/1). 
LO 
~ 
C 
Ca 
� 
Fig. 37. Average nitrate+nitrite concentration (pmol/I) in the Northern Baltic Sea Proper (LL17). 
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5. TRENDS IN SOFT-SEDIMENT MACROZOOBENTHIC COMMUNITIES IN THE 
OPEN SEA AREAS OF THE BALTIC SEA 
Alf Norkko, Tiina Laakkonen & Ari Laine 
Introduction 
Soft-sediment macrobenthic communities provide important ecosystem services and are central 
elements of Baltic Sea ecosystems. Most macrobenthic animals are relatively long lived (several 
years) and thus integrate changes and fluctuations in the environment over a longer period of time. 
Thus variations in species composition, abundance and biomass can be used to assess environmental 
conditions and disturbance events. In the brackish Baltic Sea the distribution and abundance of 
species is governed by the distinctive salinity and oxygen gradients present. These conditions result 
in strong gradients in species and functional diversity throughout the Baltic Sea. 
In the Baltic basins widespread oxygen deficiency is caused by the restricted water exchange of the 
deep water due to the permanent halocline at 60 to 80 m depth. The deep water can only be renewed 
by irregular intrusions of saline water through the Danish straits, and the extent and severity of 
oxygen deficiency in the subhalocline area depend on the frequency of major inflows and the length 
of stagnation periods. During long stagnation periods, without major inflows, density stratification 
is reduced and the halocline shifted deeper. Major inflows transport oxygen-rich water even to the 
deepest areas but cause only short-term improvement in the deep-water oxygen conditions unless 
they are frequent. However, the inflows also tend to strengthen stratification, which in turn 
promotes the development of hypoxia and anoxia. This is where the effects of anthropogenic 
eutrophication come into play, i.e. by increasing oxygen demand and exacerbating conditions in the 
Baltic basins already prone to oxygen deficiency. 
Thus the deeper-water benthic communities, below the halocline, are comparatively less diverse 
than their shallow-water counterparts, and naturally exposed to hypoxic disturbance events 
depending on the frequency and intensity of episodic saltwater intrusions. Without a question, 
eutrophication has exacerbated the intensity of naturally occurring hypoxic events. Long-term 
monitoring and knowledge of the natural fluctuations in the environment are critical for 
understanding the dynamics of the system and interpreting possible anthropogenic changes. In this 
regard, monitoring of macrozoobenthos provides some of the best available biological long-term 
information on changes in the Baltic Sea. 
Benthos monitoring 
At FIMR regular monitoring of macrozoobenthos in the open sea areas was initiated in 1965. Sampling is 
conducted annually in May-June and in principle covers all regions of the Baltic Sea except for the Gulf of Riga 
and the western Gotland Basin. The sampling and analyses have been carried out according to the guidelines 
for the HELCOM-COMBINE programme, where they are described in detail. 
Results and discussion 
Gulf of Bothnia 
In the Gulf of Bothnia low salinity prevents the formation of water column stratification and oxygen 
deficiency, and also strongly reduces faunal diversity. Historically macrobenthic communities have 
been entirely dominated by the amphipod Monoporeia affinis, which exhibits strong natural 
fluctuations in population abundance and usually comprises 70-100% of total community 
abundance. Abundances have been severely reduced since the peaks in abundance in the early to 
mid 1990's (Fig. 1) and are generally below the long-time average. The reasons for this decline are 
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unknown. However, some recovery has been observed in the Bay of Bothnia. The invasive 
polychaete Marenzelleria sp. has spread rapidly throughout most of the Gulf and, for example, at 
SR5 in the southern Bothnian Sea (station SR5), abundances have increased noticeably since 2004 
and now comprise about 80% of total community abundance illustrating the polychaete's strong 
establishment in the area. One hypothesis is that, in this area, Marenzelleria is inhibiting the re-
establishment of Monoporeia, which may be observed at B03. However, at US5b, where 
Marenzelleria has only recently been established in low numbers, Monoporeia has failed to recover. 
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Fig. 1. Trends in macrozoobenthic community abundance (LOESS smoothing) and composition in 
the Gulf of Bothnia. The x-axes depict years and the y-axes number of individuals per m2. Note 
differences in scale on y-axes. 
Gulf of Finland 
In the Gulf of Finland the salinity stratification disappeared during the prolonged stagnation and 
lack of saltwater inflows during 1977-1993, but was re-established in 1993-1994. The abundant 
macrobenthic communities recorded in the early 1990s in the deep central parts of the Gulf crashed 
almost completely in 1996-1997, and have not recovered to any larger extent due to continued poor 
oxygen conditions below the permanent halocline (Fig. 2). Key benthic species for this area include 
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the clam Macoma balthica, the amphipods Monopereia and Pontoporeia, the large isopod Saduria 
entomon, and the polychaete Bylgides sarsi. This polychaete is often the first to colonise after the 
termination of hypoxic events and is consequently often found in low abundances during 
temporarily improved oxygen conditions. 
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Fig. 2. Trends in macrozoobenthic community abundance (LOESS smoothing) and composition in 
the Gulf of Finland. The x-axes depict years and the y-axes number of individuals per m2. Note 
differences in scale on y-axes. 
The central Baltic and the northern Baltic Proper 
In the Baltic Proper the macrobenthic communities below the permanent halocline have totally 
disappeared or become utterly impoverished as a result of oxygen deficiency caused by the 
saltwater inflow and subsequent strengthening of the halocline in 1993-1994 (Fig. 3). At present the 
area devoid of macrofauna is of the same size as during the middle of the last stagnation period in 
the 1970s and 1980s, i.e. about one third of the total sea area (Fig. 4). The latest larger saltwater 
inflow in 2003 resulted in some colonisation by opportunistic species in the Gotland Basin area, but 
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oxygen conditions have since deteriorated and in 2005 conditions were yet again anoxic and 
macrofauna more or less eliminated. Abundances are below the all-time average and the 
communities are in a vesy poor state. At LL17 in the northern Baltic Proper, the only species that 
occurs occasionally is the opportunistic Bylgides. 
Fig. 3. Trends in macrozoobenthic community abundance (LOESS smoothing) and composition in 
the Baltic Proper. The x-axes depict years and the y-axes number of individuals per m2. Note 
differences in scale on y-axes. 
Oxygen (ml/I) 
Fig. 4. The spatial extent of hypoxic (<2ml/I 02, indicated by yellow) and anoxic (02=0 ml/I, indicated 
by red) deep water in the Baltic Proper. 
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The Southern Baltic Sea 
In the Southern Baltic Sea, and in the Arkona and Bornholm basins, species diversity is much 
higher than in the other Baltic basins due to higher salinity. However, also this area is subjected to 
periodic hypoxic events, and except for BY2 in the Bornholm Basin current conditions are very 
severe and abundances well below the long-term average. Following the largest observed saltwater 
inflow of the 20Th century, which occurred in the 1950's, also the southern Baltic has exhibited an 
overall reduction in salinity. This resulted in a gradual replacement of more marine species by 
typical brackish water species (Fig. 5). 
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Fig. 5. Trends in macrozoobenthic community abundance (LOESS smoothing) and composition in 
the southern Baltic Sea. The x-axes depict years and the y-axes number of individuals per m2. Note 
differences in scale on y-axes. 
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Conclusions 
• Macrobenthic communities are severely degraded throughout the Baltic Proper and the Gulf of 
Finland and are below the long-term average. Populations of the amphipod Monoporeia affinis 
have crashed in Gulf of Bothnia and the invasive polychaete Marenzelleria sp. has spread. 
• Biodiversity and ecosystem function are inextricably linked; the few macrobenthic species that 
have adapted to the low salinity conditions in the Baltic Sea play an exceedingly important role. 
This low functional diversity makes the ecosystem vulnerable to additional disturbances. 
• The difficulty in defining historic reference conditions emphasizes the importance of 
conducting continuous long-term monitoring over large spatial scales for assessing changes. 
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6. PHYTOPLANKTON AND CHLOROPHYLL-a 
Seppo Kaitala, Hermanni Kaartokallio, Vivi Fleming-Lehtinen & Maija Huttunen 
Development of chlorophyll-a during 2006 
In 2006 the Baltic phytoplankton spring bloom was most intensive in the Gulf of Finland, where the 
maximum concentration was reached in early April. The long-term spring bloom estimates are 
given in Fleming & Kaitala 2006 and for the current year in HELCOM Indicator Fact Sheet 2006: 
"Phytoplankton spring bloom biomass". After the early summer minimum in June, chlorophyll 
concentrations showed a constant increase until mid-August, indicating cyanobacterial bloom 
development. In the Northern Baltic Proper the annual succession followed the same pattern, with a 
less intensive spring bloom, reaching only half of the maximum concentration in the Gulf of 
Finland. The variation in chlorophyll concentrations was considerably lower in the Western and 
Southern Baltic Proper than in the Gulf of Finland and the Northern Baltic Proper. 
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Fig. 1. Water sampling points for chlorophyll-a analysis. 
Flow-through monitoring of phytoplankton 
The Algaline-project has collected monitoring data on board commercial vessels since 1992. 12 or 24 weekly 
water samples have been taken during the phytoplankton growth season along the route between TravemOnde 
and Helsinki. The water flow-through system includes an automatic refrigerated sequential water sampler, 
taking samples for supplemental analysis, such as inorganic nutrients, phytoplankton species composition and 
chlorophyll-a with extraction in the laboratory. The approximate sampling points are shown in Fig. 1. 
The annual succession of phytoplankton presented here is based on Alg@line monitoring, with the flow-through 
automatic recording system installed on board the ferry Finnpartner. Long-term weekly means were compared 
to the 2006 weekly means. 
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Fig. 2. Annual variation in chlorophyll a (mg m 3) in the Western Gulf of Finland (upper left), the 
Northern Baltic Proper (upper right ), the Western Baltic Proper (lower left) and the Southern Baltic 
Proper (lower right). The blue curve represents the average for the years 1992-2005 and red lines 
mark standard deviations, the black stars the measurements made in 2006. 
Cyanobacterial blooms 
The cyanobacteria bloom forecast for the summer 2006 was compiled in April-May in cooperation 
with SYKE (Finnish Environment Institute). The prediction was based on winter nutrient 
concentrations and late spring phosphorus concentrations in the surface layer, with the ecosystem 
model run for alternative summer weather conditions. The forecast predicted the most intensive 
cyanobacterial blooms to occur in the Southern and Central Baltic Proper, with a moderate risk for 
blooms in the Archipelago Sea and in the western Gulf of Finland. 
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Cyanobacteria bloom forecast 2006 
April 2006 
Fig. 3. Forecast in April 2006 for the 
cyanobacteria bloom in summer. 
Fig. 4. Chlorophyll-a average for July estimated 
by MODIS Satellite. 
Cyanobacteria increased in the Baltic Sea at the end June. Nodularia spumigena was moderately 
common in the Arkona basin and the Southern and Central Baltic Proper, while Aphanizomenon 
flos-aquae and Anabaena spp. were common in the Northern Baltic Proper and the Gulf of Finland. 
Throughout July cyanobacterial blooms were abundant in the Southern Baltic Proper and in the 
Arkona Basin. Occasional blooms were observed also in the Central and Northern Baltic Proper. In 
the eastern Gulf of Finland and at the entrance to the Gulf of Finland strips of cyanobacteria were 
observed, yet no large accumulations occurred. In August a significant increase in cyanobacterial 
surface accumulations was observed in the Gulf of Finland. Blooms occurred also in the southern 
Bothnian Sea and in the Archipelago Sea. 
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The average chlorophyll estimate for July 2006 from Modis satellite records (Fig. 4) confirms, that 
the cyanobacteria bloom forecast was quite accurate: despite the favourable warm weather, large 
blooms only occurred in the Southern Baltic Proper and the Arkona Sea. Open sea blooms occurred 
in the Central Baltic Proper, but their total biomass was low in comparison to the record years 1997, 
2002 and 2005. 
In the Archipelago Sea, blooms occurred, but they were very patchy both in time and space. It is 
hard to tell which factors controlled their occurrence. In the second week of August, after a week of 
unusually calm weather, the largest blooms ever occurred in the sheltered bays of the Archipelago 
Sea. When all phosphorus is used from the water, only species with a very good phosphorus storage 
capacity can form blooms. Cyanobacteria have this capacity, since they can survive long with cell-
bound nutrients. Thus blooms in the Archipelago Sea may have been created in seemingly non-
favourable nutrient conditions, which cyanobacteria are able to benefit from, the requirement being 
extreme thermal stratification in the water column. 
Long-term trends in Chlorophyll-a 
Summer to early autumn surface water chlorophyll-a measurements have been made in the open sea 
areas surrounding Finland since 1972. In the Northern Baltic Proper and the Gulf of Finland the 
chlorophyll-a concentration has increased steadily from the 1970's until year 2006. The increase 
has been most distinct in the Gulf of Finland, where the mean concentration has more than doubled 
since the early 1970's. In the Bothnian Sea the chlorophyll-a concentration increased from the late 
1970's to the late 1990's, but has decreased thereafter. The chlorophyll-a concentration in the 
Bothnian Bay has remained low since the beginning of data collection (Fig. 5). 
Description of data 
Chlorophyll-a data from 52 meters depth was obtained from the databases of the Finnish Institute of Marine 
Research (FIMR) and the International Council for the Exploration of the Sea (ICES), the compilation data set 
resulting in a total of 1099 observations between the years 1972 and 2006. Late summer to early autumn (June 
to September) represents the time of the year in phytoplankton seasonal succession when various flagellates 
and cyanobacteria are abundant. The development of chlorophyll-a was examined in the open sea areas 
surrounding Finland: the Bothnian Sea, the Bothnian Bay, the Northern Baltic Proper and the Gulf of Finland. 
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Bothnian Sea 
	
Bothnian Bay 
Northern Baltic Proper Gulf of Finland 
1970 1980 1990 2000 
Fig. 5. Concentration of chlorophyll-a (pg 11) in the Bothnian Sea, the Bothnian Bay, the Northern 
Baltic Proper and the Gulf of Finland. A Loess curve with 95-percent confidence intervals (solid 
black lines) is fitted to describe the long-term variation. The number of observations for the sub- 
areas (n) is given in the upper left corner of each plot. 
Phytoplankton abundance and biomass 
In the Bothnian Bay, late summer phytoplankton abundance (Fig. 6) and biomass (Fig. 7) mainly 
consist of small phytoplankton species, cyanobacteria (Nostocophyceae) not forming an important 
share of biomass. The autotrophic ciliate Mesodiniu,n rubrum (Ciliophora) is permanently present 
in the phytoplankton community and typically forms a notable share of biomass in the Bothnian 
Bay. High biomass of green algae (Chlorophycae) was seen during the years 2001 and 2002 in the 
Bothnian Bay and in 2001 also in the Bothnian Sea, due to the occurrence of the colonial freshwater 
species Botryococcus braunii that is only occasionally present in significant numbers in 
phytoplankton. In the Bothnian Sea mainly small species of haptophytes (Prymnesiophyceae), 
cryptophytes (Cryptophyceae) and prasinophytes (Prasinophyceae) dominated in abundance, but 
filamentous cyanobacteria, dinoflagellates (Dinophyceae) and cryptophytes were more important by 
biomass. In the Northern Baltic Proper and the Gulf of Finland cyanobacteria were important by 
abundance in some years in addition to dinoflagellates, cryptophytes and green algae. During the 
five-year period shown, phytoplankton biomass in the Northern Baltic Proper and Gulf of Finland 
was dominated by cyanobacteria, dinoflagellates and cryptophytes. hi the Gulf of Finland 
cyanobacteria represented 40-80% of total phytoplankton biomass during 2001-2005. In general, 
sparse sampling and significant inter-annual variation in phytoplankton species composition limits 
the possibilities for data analysis in this kind of concise presentation. Long time-series available at 
FIMR, however, provides opportunities to overcome the caveats of monitoring data as shown in a 
recent paper by Suikkanen & al. (2007). 
MERI No. 59, 2007 70 Olsonen (Editor) 
BOTHNIAN BAY (B03) BOTHNIAN SEA (SR5) 
NORTHERN BALTIC PROPER (LL17) GULF OF FINLAND (LL7) 
6x106 
5x106 
4x106 
J 
3x106 ._ 
~ 	2x106 
1x106 
0 
,L°°'' 2°°~ 'L°° I°°N 
Nostocophyceae 
I 	I Dlatomophyceae 
I 	I Chlorophyceae 
Dinophyceae 
I 	I Chrysophyceae 
	 Cryptophyceae 
Prasinophyceae 
Prymnesiophyceae 
I Ciliophora 
	I Others 
6x106 
5x106 
4x106 
3x106 
2x106 
lx106 
" 	
 
°°h 
ti 
0 
2°1 101 2°°3 'L°°A ,•1 ° 10 101 10 2 10 
6x106 
5x106 
4x106 
J 
4 3x106 
3 2x106 
1x106 
0 
6x106 	 
5x106 
4x106 
3x106 
2x106 
1x106 
0 
~ 
~ 
I 	I 
Fig. 6. Abundance of main phytoplankton groups at selected open-sea sampling stations 
representative for the sub-basins mentioned above. Sampling station is given in parentheses after 
sub-basin name. 
Description of data 
Late summer phytoplankton species composition and biomass have been determined at FIMR from a 
geographically representative set of sampling stations in sea areas surrounding Finland since 1979 as a 
contribution to HELCOM Combine monitoring programme. In the following, an overview of the last five years' 
data is presented. The data is based on the results of an annual monitoring cruise typically taking place in 
August. Sampling and analysis has been conducted according to the Manual for Marine Monitoring in the 
COMBINE Programme of HELCOM and FIMR internal accredited QA. Each year's results represent a single 
sample pooled from the upper 10 m of water column. 
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Fig. 7. Biomass (Wet Weight) of main phytoplankton groups at selected open-sea sampling stations 
representative for the sub-basins mentioned above. Sampling station is given in parentheses after 
sub-basin name. 
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7. ZOOPLANKTON TIME SERIES 1979-2005 IN THE BALTIC SEA - LIFE IN A 
VICE OF BOTTOM-UP AND TOP-DOWN FORCES 
Juha Flinkman, Jari-Pekka Pääkkönen, Soili Saesmaa & Jan-Erik Bruun 
Introduction 
The Baltic Sea is a large brackish water basin characterised by practically subarctic conditions. The 
water exchange between the Baltic Sea and the oceans is very restricted, whereas the Baltic 
drainage basin and annual precipitation are considerable. The Baltic is hence a very difficult 
environment for marine organisms, making the species assemblages a mixture of marine and 
freshwater species (Remane 1934, Segerstråle 1969). 
In this respect, the plankton communities are no exception. Crustacean mesozooplankton, which is 
under observation here, consists of calanoid and cyclopoid copepods and caldocerans, that are of 
neritic and limnic origin. 
Crustacean mesozooplankton form an important link transferring energy from primary producers to 
consumers, namely the fish. They are in turn exploited by humans, which makes the food web short 
and efficient. Hence, changes in zooplankton assemblages are reflected directly and rapidly in fish 
growth, stock conditions etc. Both bottom-up and top-down effects on higher levels of the Baltic 
pelagic food web have been demonstrated, recently highlighting density-dependent processes (e.g. 
Flinkman & al. 1998, Möllmann & Köster 1999, Möllmann & al. 2005, Casini & al. 2006). Both 
bottom-up and top-down processes are mediated to economically significant resources, i.e. fish, 
through zooplankton. Therefore, monitoring of zooplankton is important, as it gives a good insight 
into the status and development of higher trophic levels in the pelagic food webs. 
Materials and methods 
This zooplankton time series started in 1979 after the Convention on the Protection of the Marine Environment 
of the Baltic Sea Area, more usually known as the Helsinki Convention, had initiated the co-operational 
environmental monitoring of the Baltic Sea. It continues today, not as a HELCOM core parameter, but 
fortunately still undertaken by several Baltic countries. 
Results and discussion 
As different sub-areas of the Baltic Sea display a vide variety of hydrographic conditions, we 
analyse the sub-areas separately. These consist of the Baltic Proper (including the Åland Sea), Gulf 
of Finland, Bothnian Sea and Bothnian Bay (Fig. 1). Distribution and biomass of different 
crustacean zooplankton taxa for August 2005 can-be seen in Fig. 2. The differences in occurrence 
and dominance of taxa in sub-areas are very obvious. The reasons for this are discussed below. 
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Samples 
The zooplankton monitoring data used in this study is collected entirely by the Finnish Institute of Marine 
Research (FIMR) during several cruises onboard two different r/v's, both named Aranda. The methodology or 
gear used has not changed significantly, which adds to its value. WP-2 nets (HYDROBIOS/Kiel; opening area 
0.25m2, 100pm mesh size, closing mechanism triggered by wire rider) were used right from the start, and 
hauling speed has constantly been 0.5m/s, controlled by a special electric winch equipped with high-precision 
revolution meter and wire speed gauge. 
Before the advent of CTD profilers on FIMR r/v's, the sampling layers were defined according to standard 
HELCOM guidelines (HELCOM 1988). These layers were: bottom to 75 m, 75-25 m, and 25 m to surface. 
From 1989 onwards, the sampling layers were defined by CTD profile. First layer is from bottom, or top of 
anoxic layer to top of halocline (inclusive), second from top of halocline to top of thermocline (inclusive), and 
third from top of thermocline to surface. However, if any other distinct layers or pycnoclines were detected, 
these were also taken as separate tows. In case no distinct halo-, thermo or other pycnoclines could be 
detected, standard 25 m spaced hauls were taken. 
Onboard, the samples are preserved according to HELCOM guidelines in 4% formaldehyde solution (1 part 
40% formaldehyde solution and 9 parts water) in 1000m1 glass bottles. The formaldehyde is buffered to pH 8-
8.2 with disodiumtetraborate (borax) (Na2B407 • 10H20). The sample bottles are then stored for analysis, and 
further at least until subsequent assessment is completed. According to FIMR Quality Assurance (QA) 
procedures (SFS-EN ISO/IEC 17025 standard, accepted in 1996 for mesozooplankton analysis), the samples 
are stored permanently. 
Fig. 1. Map showing the sub-areas and sampling stations. 
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Fig. 2. Distribution of zooplankton species in August 2005 in the northern Baltic Sea. Circle 
indicates biomass (g m-2, ww) relative to scale. Sampling sites when the species does not occur are 
indicated with (+). 
Bosmina coregon  
maritima 
Daphnia spp. 
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Fig. 2. Continues. Distribution of zooplankton species in August 2005 in the northern Baltic Sea. 
Circle indicates biomass (g m-2, ww) relative to scale. Sampling sites when the species does not 
occur are indicated with (+). 
Analysis 
The first step in the analysis is sub-sampling. FIMR uses a calibrated FOLSOM splitter, which is tested 
annually according to QA procedures. Accepted margin of error for 500 individual split and count is < 5%. 
Halving of the sample continues until a suitable size is reached. The subsample must contain at least 100 
individuals of each three dominant groups in the sample (excluding nauplii, rotifers and tintinnids). Last two 
splits are kept for analysis, one for the actual analysis, the other as a back-up. The rest of the sample is stored. 
For the actual analysis, the sample is poured into an Utemöll-type cyvette, where it is left to settle for a 
minimum of 8 h. After that, the cyvette is placed into an inverted microscope, and the sample counted using 
6.3x, 10x or 25x lens, 12.5x oculars and bright field optics. All individuals in the sample are counted and 
identified by taxa and development stage according to HELCOM guidelines and recommendations given in 
Hernroth (1985). Minimum count for mesozooplankters must exceed 500 individuals in an acceptable 
subsample. In case this requirement is not fulfilled, the remaining half of the last sample division will also be 
counted in its entirety. 
The data is collected as the sample analysis proceeds by specific computer software. Files thus created are 
saved in ICES format, and the data is stored in FIMR registers. 
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Annual pelagic zooplankton biomass (mg m-2) is calculated for northern Baltic Proper, Gulf of Finland, Bothnian 
Sea, and Bothnian Bay (Fig. 1.) from zooplankton data collected between mid-June to late September. Two 
littoral stations on the Swedish coast were excluded from the pelagic biomass trend analysis. Because the 
FIMR zooplankton data are expressed as volumetric zooplankton biomasses (mg m 3), values were multiplied 
by the thickness of each net tow to produce biomass per area (mg m-2). Areal biomasses were summed to 
obtain total biomasses (mg m2) for each station. Annual zooplankton biomasses for each area were calculated 
by taking an average of all total biomasses from stations sampled between mid-June and late October in each 
year. Trends in annual zooplankton biomasses between years 1979 and 2005 are statistically analysed with 
Mann-Kendall Trend Test with normal approximation and a Lowess with 0.30 smoothing window was fitted in 
the time series. Distributions of zooplankton species in August 2005 in the northern Baltic Sea were calculated 
from the latest available zooplankton data as above, but biomasses were expressed as g m2 and littoral 
stations were included in the analysis. 
Baltic Proper 
The hydrography of this main basin of the Baltic is characterised by strong stratification (cf. chapter 
4 of this volume). Saline water forms the deep layer below a distinct halocline at ca. 70 m depth. 
Water below the halocline is oxygenated only through saline water inflows, which results in 
oxygen-poor or anoxic conditions between inflow events. The layer above the halocline is thermally 
stratified during summer and winter, with a distinct thermocline during summer. The thermocline 
breaks during spring and fall, and the water above the halocline is well mixed during these events. 
Salinity is generally higher than in other sub areas, which is also reflected in zooplankton species. 
In general, there was no significant trend in zooplankton overall biomass development. Of the main 
groups, copepods showed no distinct trend, but Cladocerans displayed a downward trend (Mann-
Kendall Trend Test; p<0.05). This trend is obvious in neritic species Evadne and Podon, but also in 
Bosmina, which is generally considered as a brackish water species, which does not suffer from 
decreasing salinity. Evadne and Podon are also preferred food items of Baltic planktivorous 
clupeids (Baltic herring, Clupea harengus membras and Sprat, Sprattus sprattus), whereas Bosmina 
is not a preferred prey. 
However, in copepods there are distinct differences between species. The neritic copepod 
Pseudocalanus acuspes (previously P. minutus elongatus) has significantly declined (p<0.001) 
during the observation period, whereas other copepod species Temora longicornis, Eurytemora 
species group, Centropages hamatus and Limnocalanus macrurus have significantly increased. 
Acartia species group shows no significant trend over the observation period (Fig. 3). 
Pseudocalanus and Centropages are the species perhaps most sensitive to salinity decrease, and yet 
show opposite trends. Pseudocalanus is perhaps the most preferred prey of Baltic planktivorous fish 
(e.g. Kornilovs & al. 1992, Flinkman & al. 1998, Möllmann & al. 2003, Casini & al. 2006), whereas 
Centropages is not selected, and in fact has a very effective escape reaction (Viitasalo & al. 1998). 
On the other hand, copepod species such as Temora longicornis and Eufytemora species group are 
strongly selected by clupeids (cf. references given above), although they are not as sensitive to 
salinity changes as Pseudocalanus. Both Temora and Eurytemora show significant increasing 
trends during the observation period (p<0.001). Also Limnocalanus macrurus, which is a distinctly 
fresh water species, as well as a preferred food item of large herring, shows an increase, albeit not as 
clearly (p<0.05). 
It is noteworthy, that during the observation period the Baltic Proper, with the exception of the 
Åland Sea, has suffered from severe oxygen deficiency periods in the deep basins (cf. chapter 4 of 
this volume). This has significantly decreased the available water volume for species that thrive in 
deep, saline water under the halocline. It is known that Pseudocalanus acuspes is such a species, 
hence it may well be that human-induced eutrophication, and subsequent oxygen deficiency has a 
role in regulating Baltic Proper zooplankton as well. 
Hence, it remains discussable whether the forces causing these changes in Baltic Proper 
zooplankton composition are bottom-up abiotic regulation, or top-down biotic, predative control. 
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Fig. 3. Continues. Baltic Proper. Zooplankton biomass (mg m-2). LOWESS smoothing value = 0.30. 
Gulf of Finland 
The Gulf of Finland is directly connected to the Baltic Proper, without any sill, which could prevent 
deep water from entering the gulf. Therefore the hydrography is somewhat similar to the Baltic 
Proper, albeit anoxic conditions at the bottom may be disrupted by wind mixing due to shallowness 
of the Gulf. However, due to anoxic Baltic deep water entering the Gulf, and severe eutrophication, 
anoxic conditions may occur rapidly even after well-mixed conditions. 
Zooplankton communities in the Gulf of Finland show similar trends to those of the Baltic Proper, 
albeit not as clearly. In general, there is no significant trend in overall-zooplankton biomass. Only 
cladocerans show a significant downward trend (p<0.05), while the trend for copepods is 
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inconclusive. However, when investigating the trends on species level, copepods Pseudocalanus 
acuspes displays a significant decreasing trend (p<0.05), and Centropages hamatus a significant 
increasing trend (p<0.01). Cladocerans Bosrnina and Evadne have decreased significantly (p<0.05). 
Other species do not show significant trends (Fig 4). 
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Bothnian Sea and Bothnian Bay 
The Gulf of Bothnia system, which includes both Bothnian Sea and Bothnian Bay, is 
hydrographically different from the Baltic Proper and Gulf of Finland. A sill at 20-30 m depth, 
formed along the southern edge of the Archipelago Sea and Åland Sea during the last ice age, 
prevents the Baltic saline deep water from entering. Hence, the Bothnia Sea and Bay do not suffer 
from deep-water anoxia. Subsequently, salinity is also lower, which can be seen in zooplankton 
species composition. Neritic species like Pseudocalanus and Centropages are not present or very 
rare, and freshwater species such as Limnocalauus macrurus are more abundant. 
In overall zooplankton biomass of the Bothnian Sea there is a significant increasing trend (p<0.01), 
just as in Copepods (p<0.01) and Cladocerans (p<0.01) (Fig. 5). Observed at species level, only 
copepods Pseudocalanus and Temora (p<0.001) show significant decreasing trends, whereas all 
others are increasing or inconclusive. It is good to bear in mind, that Pseudocalanus is encountered 
in the area only occasionally. However, Temora is abundant, and also significantly selected by the 
Baltic herring (Flinkman 1999). 
Fig. 5. Bothnian Sea. Zooplankton biomass (mg m-2). LOWESS smoothing value = 0.30. 
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In the Bothnian Bay the trends are inconclusive for total zooplankton, as well as for copepod and 
cladoceran biomass (Fig. 6). The Bothnian Bay is even less saline than the Bothnian Sea, which 
shows in the species composition. Copepod Linnnocalanus macrurus, and cladocerans Evadne, 
Bosmina and Podon show significant increases during the observation period. 
It could be argued, that eutrophication in its early stages has caused the overall increase of 
zooplankton biomass in the Bothnian Sea and Bothnian Bay. However, the top-down effect of fish 
predation cannot be ruled out either, especially in the Bothnian Sea, where the last healthy Baltic 
herring stocks can still be found (ICES 2005). 
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Fig. 6. Continues. Bothnian Bay. Zooplankton biomass (mg m-2).  LOWESS smoothing value = 0.30. 
Conclusions 
Investigation of FIMR zooplankton monitoring data from 1979-2005 reveals marked changes in 
zooplankton communities (Fig. 7). The nature of the changes affecting zooplankton abundance and 
community composition is usually thought to be abiotic, i.e. bottom-up processes that change the 
environment to an extent that species composition is affected. However, there is recent evidence 
that top-down processes, such as density-dependent predation pressure from planktivorous fish may 
affect the abundances of certain species at least during periods of intensive planktivoiy. We must 
bear in mind that this predation is highly selective, and thus directed towards preferred species only. 
How the zooplankton communities are affected, differs between different parts of the Baltic. This is 
perhaps most prominent in the Baltic Proper and Gulf of Finland, which bear the brunt of 
hydrographical events and anomalies, as well as human-induced eutrophication. However, changes 
have also occurred in the Gulf of Bothnia system, offering argumentation on behalf of increased 
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eutrophication in the area. In order to determine the extent of these forcing factors, a more detailed 
analysis including all the abiotic and biotic components of the ecosystem is required, and needs 
further study. 
Species 	 Baltic Proper Gulf of Finland Bothnian Sea Bothnian Bay 
Acartia sp. 
Eurytemora affinis 
Temora longicornis 
Pseudocalanus minutes 
elongates 
Centropages hamatus 
Limnocalanus macrurus 
Bosmina coregoni maritime 
Podon sp. 
Evadne nordmanni 
Daphnia sp. 
Copepods 
Cladocerans 
Total 
y 
No occurrence 
Fig. 7. Trends in zooplankton biomass in the northern Baltic Sea during 1979-2005. Upward or 
downward arrows indicate statistically significant trend in the biomass (p<0.05; 
Mann-Kendall trend test). 
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8. HEAVY METALS IN THE BALTIC HERRING 
Mirja Leivuori 
Monitoring of harmful substances is done in order to detect whether the levels of metals and 
organochlorines vary in response to changes in discharges of contaminants into the Baltic Sea. 
Mercury 
Variability between studied individual herrings is evident (Figs. 1 and 2). The variability between 
minimum and maximum mercury concentration increased after 2003 at Kalajoki, Hanko and Kotka 
areas, being the highest in the latter ones. No clear trend is obvious in herring muscle for the time 
period 1998-2005, however somewhat elevated concentrations were noticed after 2003/2004 in the 
sea area of Kalajoki, Hanko and Kotka. The measured values in two or three-year-old herrings are, 
however, quite low when compared with the EU limit for mercury in fish tissue, 0.5 and 1 mg kg-1 
wet weight (ww). 
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Fig. 1. Mercury (Hg) concentrations mg kg-1 ww in two- or three-year-old female individual Baltic 
herring muscle marked as mean, minimum and maximum values. Note! Values near zero show 
results < 0.006 mg kg-1 ww (detection limit). 
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Long term trend of mercury 
Before 1998, pooled herring muscles were used in the Finnish monitoring; afterwards individual 
muscles have been used. A time series of mercury concentrations from 1979 (1985 from Åland) to 
2005 is presented in Fig. 2. The highest mercury concentrations are recorded in the eastern part of 
the Gulf of Finland (sea area of Kotka), while in the sea areas of Pori and Åland mercury 
concentrations are somewhat lower and more even . The overall trend shows differences between 
the Gulf of Bothnia and the Gulf of Finland. In the Bothnian Bay (Kalajoki) levels seem to vary 
between 0.01-0.025 mg kg -1 ww, with maximum values (up to 0.04 mg kg -1 ww) in different years 
(i.e. 1981, 1987, 1994, 1996, 2005). The general pattern is similar in the Bothnian Sea (Pori) and 
Åland Sea with lower mercury levels. Partly the high values are due to flooding in discharging 
rivers (e.g. Vuorinen & al. 1998). In the Gulf of Finland variability in mercury concentrations is 
higher than in the Gulf of Bothnia. In the areas of Hanko and Kotka mercury levels increased during 
several periods, reached maximum values, then decreased during several years and started to 
increase again. In the sea area of Kotka the highest mercury concentrations were found (up to 0.070 
mg kg-1 ww). These concentrations have decreased from the years when maximum values were 
recorded, but in general, values in the Gulf of Finland are at a higher level than in the other areas. 
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Fig. 2. Time series of mercury (Hg) concentration (mg kg-1 ww) in the Baltic herring muscle (2- or 3- 
year-old female). Before 1998 pooled muscles were studied and afterwards average values of 
individual muscles have been used. 
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Fig. 3. Cadmium (Cd) concentrations mg kg-1 ww in two or three years old female individual Baltic 
herring livers marked as mean, minimum and maximum values. 
Cadmium 
Cadmium concentrations measured from pooled herring muscles were very low, on average around 
0.003 mg kg-1 ww (varied between <0.002 (min) and 0.010 (max) mg kg-1) in 1979-1998. The 
measured values are, however, quite low when compared with the EU limit for cadmium in fish 
tissue (muscle) 0.05 and 0.1 mg kg-1 ww. Earlier results have been reported by Haahti 1991, 
Vuorinen & al. 1998 and Perttilä & al. 1982a,b. 
There is variability in the cadmium content of individual herring livers (Fig. 3). The highest 
variability was found in the sea areas of Pori, Åland and Kotka in 2002. Average cadmium content 
in herring liver is in the same range in all the monitored sea areas, with the exception of somewhat 
lower values in the Hanko area. 
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Lead, copper and zinc 
Variability of lead concentration in individual herring liver is less pronounced than for mercury and 
cadmium. Partly this is due to the fact that average lead concentrations are very low and in many 
times lie below the detection limit (0.03 mg kg"' ww), which was the case for lead values in pooled 
herring muscle as well. The highest measured value of lead in herring liver has been 0.16 mg kg 1 
ww in the sea area of Åland in 2001. Usually, the maximum value lies below 0.08 mg kg"' ww, as in 
the case of the sea areas of Åland in 2003, Pori in 2005 and Hanko in 2002. 
Table 1 shows the range of variability in the average copper and zinc concentrations measured 
between 1998 and 2005 in individual Baltic herring livers. The maximum average values found for 
copper was 10.98 mg kg -1 ww in the sea area of Kotka in 2003 and for zinc 44.7 mg kg' ww in the 
sea area of Hanko in 2004 (2-year-old herring) and 54.2 mg kg"' in the sea area of Kalajoki in 2002 
(3-year-old herring). Copper and zinc values in pooled herring muscles have been about ten times 
lower than in livers. In herring muscle, copper concentration has low variation among the monitored 
sites, being on average 0.39 mg kg"' ww (varied between minimum 0.19 and maximum 0.75 mg kg-
') in 1979-2001. Also zinc values in herring muscle have been quite even among the monitored 
sites, being on average 4.8 mg kg' ww (varied between 2.5 (min) and 9.4 (max) mg kg"1) in 1979-
2001. 
Table 1. Average copper (Cu) and Zinc (Zn) minimum and maximum concentrations (mg kg' ww) in 
individual Baltic herring livers in 1998-2005 (2 or 3 years herring). 
Site 	mg kg 1 
(year) ww 
Kalajoki Pori Åland Hanko Kotka 
Cu 
Zn 
Min 
average 
Max 
average 
Min 
average 
Max 
average 
3.22 
3.96 
5.05 
20.6 
27.7 
32.6 
(2004) 
(2y, 2002) 
(3y, 2002) 
(2004) 
(2y, 2002) 
(3y, 2002) 
3.09 
5.05 
19.1 
29.9 
(1999) 
(2004) 
(2005) 
(2003) 
3.55 
4.22 
19.7 
29.4 
(2001) 
(2002) 
(2003) 
(2000) 
2.51 
2.24 
4.95 
21.2 
29.9 
(2y, 2002) 
(3y, 2002) 
(2003) 
(2005) 
(2004) 
2.59 
2.50 
6.85 
9.03 
20.2 
18.9 
26.5 
27.1 
(2y, 
(3y, 
(2y, 
(3y, 
(2y, 
(3y, 
(2y, 
(3y, 
2002) 
2002) 
2003) 
2003) 
2002) 
2003) 
2003) 
2003) 
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Methods 
Two-year herrings have been used since herring is a local or regional species at young age classes. The young 
age classes, up to the time of sexual maturity, are regarded as more representative of the areas where they are 
collected and no bioaccumulation of contaminants have occurred. 
Heavy metals have been measured from individual herring muscles (Hg) and livers (Cd, Pb, Cu, Zn) since 
1998. During the period 1979-1997 all monitored heavy metals were measured from pooled herring muscles 
and parallel studies with pooled muscles and individual muscles and livers were performed 1998-2001. Since 
1998 the measurements have been performed using the accredited methods. Liver samples are digested with 
nitric acid by laboratory microwave oven. Muscle samples are digested with nitric acid by autoclaving. 
Concentrations of harmful substances in Baltic herring have been monitored at five sites: in the area of Kalajoki 
in the Bothnian Bay, in the area of Pori in the Bothnian Sea, in the Åland Sea, in the area of Hanko in the 
western Gulf of Finland and in the area of Kotka in the eastern Gulf of Finland. Basically two-year old female 
herrings have been studied, but in cases when the number of two-year old herrings was too low, three-year old 
females have also been studied. 
Conclusions 
In general, heavy metal concentrations in Baltic herring muscle and liver are elevated in the Gulf of 
Finland, especially for mercury. Also in the Bothnian Bay, similar values have been found 
occasionally. The highest mercury concentrations (up to 0.70 mg kg-1 ww) in Baltic herring muscle 
were found in the eastern Gulf of Finland. In 2005 increased mercury concentrations were found in 
the Bothnian Bay and in the eastern Gulf of Finland. Basically, mercury concentrations in Baltic 
herring muscle have decreased from the maximum in 1987 and the concentrations are also quite low 
compared with the EU acceptance limit for mercury in fish tissue. 
Average cadmium content in herring liver is within the same range in all the monitored sea areas, 
with the exception of somewhat lower values in the western Gulf of Finland. The highest average 
cadmium content in herring livers was found in 2002 in the eastern Gulf of Finland (up to 1.27 mg 
kg-1 ww). No clear trend is noticed for cadmium, as there is considerable variability between 
cadmium concentrations of individual herring livers. 
Lead concentrations in Baltic herring livers are low and often lie below the detection limit (i.e. 0.03 
mg kg-1 ww). The highest lead concentration in herring liver was found in 2001 in the Archipelago 
Sea (up to 0.16 mg kg' ww). 
Copper concentrations in herring livers have varied between 2.24-5.05 and zinc concentrations 
between 19.1-32.6 mg kg-1 ww among the monitored stations. 
Based on the monitoring results, heavy metal concentrations are low and in some cases a decreasing 
trend is noticed in the waters around Finland. 
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9. TEMPORAL TRENDS IN ORGANOCHLORINE AND TOTAL OIL POLLUTION 
IN THE FINNISH BALTIC SEA MONITORING PROGRAMME 
Harri Kankaanpää 
Background 
The Baltic Sea has been subject to intensive chemical input for decades. Different chlorinated 
anthropogenic pollutants have entered the Baltic Sea and its food webs since the 1930's and 1940's 
when bleaching of pulp with elemental chlorine and production of chlorophenols as wood 
preservatives started. The use of polychlorinated biphenyls (PCBs) in electronic insulators and 
cooling systems began already in the 1920's. In addition to PCBs, the other major harmful 
organochlorine compounds within the Helsinki Commission (HELCOM) monitoring program are 
dichlorodiphenyltrichloroethane (DDT; an insecticide produced since the 1940's), 
hexachlorobenzene (HCB; a fungicide used since 1945) plus a and y-hexachlorocyclohexane (a-
HCH and 'y-HCH; insecticides produced since the 1940's). y-HCH (Undone) was used widely in the 
1970's. Use of all these compounds is now generally prohibited, but for example DDT is still in use 
in developing countries. 
Ship traffic poses a threat to the marine environment in terms of oil spills and such traffic is 
increasing in the Baltic Sea. Crude oil and engine oils contain a varying mixture of polyaromatic 
(PAHs) and aliphatic hydrocarbons. Particle-bound PAHs from production of energy (especially 
from coal power plants) enter the marine environment also via the atmosphere. PAHs are notorious 
of being carcinogenic. 
Determination of organochlorine compounds in herring muscle 
Herrings were caught from five sub areas: Kotka (eastern Gulf of Finland), Hanko (western Gulf of Finland), 
Åland (Åland Sea), Pori (southern Gulf of Bothnia) and Kalajoki (northern Gulf of Bothnia). See Figure 1 for 
locations. The specimens were collected and age determined by the Finnish Game and Fisheries Research 
Institute. Two-year old female herrings were used for analyses. Data on organochlorine compounds in herring 
muscle was produced from pooled muscle tissue from 5-10 herring individuals (years 1985-1997) and from 
analysis of 2-20 individual herring muscle samples (from 1998 onwards). There is no organochlorine data from 
years 2000, 2003 and 2004 or DDT data from year 1996 due to problems with quality control and sample 
storage. 
Briefly, organochlorine compounds were extracted from either 1) freeze-dried herring muscle tissue using a 
mixture of acetone and hexane (samples from 1985 to 1999), 2) fresh, individual herring muscle tissues using 
the same extraction (samples from 2001-2002) and 3) freeze-dried individual herring muscle tissues extracted 
with a mixture of petroleum ether, acetone, hexane and diethyl ether (samples from 2005-2006). The extracts 
were finally analysed using gas chromatography (electron capture detector). 
The analytical inaccuracy of determination of different chlorobiphenyl (CB) congeners (CB28, CB52, CB101, 
CB118, CB138, CB153 and CB180), DDT and its metabolites (DDE and DDD) plus pesticide (HCB, a-HCH and 
y-HCH) concentration has been estimated at 12-22%, 4-8% and 8-13%, respectively (Pikkarainen & 
Parmanne, 2006). The sum parameters of total PCB and total DDT comprise of sum concentration of the 
aforementioned compounds. The upper limits of inaccuracies were used as standard deviation values in trend 
analyses.. 
For years 1985-1987 calculation of total (sum seven) CBs was based on calibration with technical 
chlorobiphenyl mixture Aroclor. During that period there was a limited availability of CB congeners as pure 
compounds. Congeners number 95, 101, 110, 118, 153 and 138, present in Aroclor, were the basis of 
quantification. The sum 7 concentration was derived from the sum concentration from Aroclor by multiplying 
with 1.993. From 1988 onwards the quantification has been based on the use of pure congeners. 
SR5 
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Determination of total oil concentration in seawater 
Surface water (1 m) samples were collected from onboard RN Aranda (Finnish Institute of Marine Research) 
using one-litre pre-washed glass bottles. There are 12 sites for regular oil monitoring (Fig. 1). The water was 
extracted with n-hexane and total oil concentration analysed based on fluorescence (excitation 310 nm, 
emission 360 nm) in accordance with IOC (1984). Calibration was made using n-hexane solutions containing 
crude oil (from Ekofisk field, Norway). Data spans from 1992/1993 to 2006 with the exception of summer 2004 
— summer 2005. 
Inaccuracy of total oil determination has been assessed using parallel seawater samples withdrawn from the 
same sampling location, thus representing total inaccuracy due to sample heterogeneity and analytical 
deviation. This inaccuracy was from 5.5 to 14% depending on total oil concentration (Pikkarainen & Lemponen, 
2005). For the trend analysis, a 15% standard deviation was applied. 
Fig. 1. Sampling sites for organochlorine monitoring in herring (green) and total oil monitoring in 
seawater (black). 1 = Kotka (east of LL3a), 2 = Hanko (overlapping with LL12), 3 = Aland, 4 = Pori, 
5 = Kalajoki. 
Results and discussion 
Trends in organochlorine compound concentrations 
An overall reduction in total chlorobiphenyl (CB; Fig. 2, Table 1) has occurred, although temporal 
declines are not vesy obvious. Pikkarainen & Parmanne (2006) presented results of the same data 
set as in the present study. They reported that over 50% of the total CB concentration consists of CB 
153 and CB 138, followed by CB 118, CB 101 and CB 180. CB values of 2005 were higher than 
expected based on the generally decreasing values of 1998-2000. A similar increase seems to occur 
in mercury concentrations in herrings from Kalajoki in 2005 (Chapter 8). 
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Fig. 2. Concentration of total chlorobiphenyls (sum of CB28, CB52, CB101, CB118, CB138, CB153 
and CB180) in Baltic Sea herring from five monitoring regions during 1985-2006. Missing data is 
either due to analytical problems (2000, 2003) or missing samples (2004). B-spline curves are fitted 
through the data only to better illustrate possible tendencies (not for statistical purposes). 
Table 1. Characteristics of temporal trends in chlorobiphenyl concentrations in five monitoring 
areas. *: 0.01 < P < 0.05; **: 0.001 < P < 0.01; ***: P < 0.001. 
Area 
Gulf of Finland 
Gulf of Finland / 
Northern Baltic 
Proper 
Åland Sea 
Bothnian Sea 
Bothnian Bay 
Sub area Period n Sum CB trend P value Significance 
examined (µg kg' a-') 
Kotka 1985-2006 19 -0.42 0.0030 ** 
Hanko 1985-2006 19 -0.34 0.0013 ** 
Åland 1985-2006 17 -0.46 0.0005 
Pori 1985-2006 18 -0.31 0.0109 * 
Kalajoki 1985-2006 18 -0.26 0.0269 * 
All changes in CB concentrations (examined as linear phenomena) are significant (Table 3) with 
slopes of -0.46 to -0.26 µg kg' a* 
There is a clear similarity in temporal changes in chlorobiphenyl concentrations from the 
monitoring sites during 1985-2006. Especially at Kalajoki, Pori and Åland the temporal 
concentrations seem to follow a similar pattern with minima in 1986-1987 and 2001-2002, and 
maxima in 1988, 1993, 1997 and 2005 (Fig. 2). There were significant dependencies between the 
following concentration data sets: Kalajoki—Pori (N=18, r=0.92, P < 0.0001), Kalajoki—Åland 
(N=17, r=0.88, p < 0.0001) and Pori—Aland (N=17, r=0.86, P < 0.0001). The temporal patterns 
suggest very similar input of chlorobiphenyls to these three areas within the Baltic Sea. In herrings 
from Hanko and Kotka, these temporal patterns are less obvious. Statistical dependencies between 
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the Hanko and Kotka results and other data were significant (P = 0.00029-0.0035). These 
differences in P values suggest that there are slight geographical differences in CB bioaccumulation 
between the different sub areas. 
Overall, suin DDT comprised predominantly of DDE (over 50% of total DDT), followed by DDD 
and DDT, indicating metabolism of DDT. For example, in 2006 the share of DDE of total DDT was 
77.8+21.6%, 78.3+12.8%, 77.1+7.3%, 76.6+12.7%, and 96.4+9.0% in Kotka, Hanko, Åland, Pori 
and Kalajoki, respectively. The high DDE percentage in herrings from Kalajoki is clearly higher 
than in the other areas. 
Apart from local concentration maxima in 1993, 1997 and 1998, DDT burden in herrings has been 
declining linearly during the whole survey period of 1985-2006 (Fig. 3 and Table 2), suggesting 
that a similar trend may continue. This reduction has been most marked in the Gulf of Finland and 
Åland Sea with slopes of -0.68 to -0.53 p.g kg' å'. It is too early to predict whether levelling-off of 
CB and DDT concentrations is taking place. However, the slopes in temporal DDT regressions 
suggest that, if a similar progress continues, the sum DDT levels would reach levels of analytical 
detection (0.2 µg kg' ww) during the next 2-3 years. High concentrations during the 1980's may 
slightly overestimate the steepness of slopes obtained. Thus slopes of reduction and estimated year 
of non-detection are calculated based on both 1985-2006 and 1990-2006 (Table 3). 
year 
Fig. 3. Concentration of total DDT (DDT+DDE+DDD) in Baltic Sea herring from five monitoring 
regions during 1985-2006. Missing data is either due to analytical problems (1996, 2000, 2003) or 
missing samples (2004). B-spline curves are fitted through the data only to better illustrate possible 
tendencies (not for statistical purposes). 
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Table 2. Characteristics of temporal trends in total DDT concentrations in five monitoring areas. 
*: 0.01 < P< 0.05; **: 0.001 < P< 0.01; ***: P<0.001. 
Area Sub 
area 
Period 
examined 
n Sum CB trend 
(Icg ` a-`) 
P value Significance 
Gulf of Finland 
Gulf of Finland / 
Northern Baltic 
Proper 
Åland Sea 
Bothnian Sea 
Bothnian Bay 
Kotka 
Hanko 
Åland 
Pori 
Kalajo 
Id 
1985-2006 
1985-2006 
1985-2006 
1985-2006 
1985-2006 
18 
18 
16 
17 
18 
-0.68 
-0.53 
-0.59 
-0.30 
-0.28 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
*** 
*** 
*** 
*** 
Table 3. Estimated time (year) when total DDT levels reach analytical detection limit 
(0.2 pg kg-1  ww). a: based on data from 1985-2006, b: based on data from 1990-2006. 
Area Sub area Estimate la Estimate lb 
Gulf of Finland Kotka 2007 2009 
Gulf of Finland / 
Northern Baltic Proper Hanko 2007-2008 
2009 
Åland Sea Åland 2007 2010 
Bothnian Sea Pori 2010-2011 2008-2009 
Bothnian Bay Kalajoki 2008 2009-2020 
Comparison of areal DDT trend correlations reveals that there is high geographical uniformity in 
total DDT bioaccumulation at all monitoring sites. Pair-wise comparisons between all station 
combinations (N = 10) resulted in correlation coefficients from 0.72 to 0.86 and P values of 
<0.0001 (N=6) to 0.00073. 
Concentrations of y-HCH (Fig. 4) have been declining since 1997-1998 and have been at non-
detectable levels (< 0.2 µg/kg ww) since 2005. For a-HCH (Fig. 5) the data set is rather limited but 
seems to follow the trend of y-HCH. For HCB (Fig. 6), the recent declining trend is very similar to 
HCHs. 
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year 
Fig. 4. Concentration of y-HCH in Baltic Sea herring from five monitoring regions during 1986-2006. 
Missing data: no analysis (in 2003-2004) or values below detection limit (0.49 pg kg-1 ww in 1986- 
1997; 0.2 pg kg-1 ww in 1998 and 0.01-0.02 pg kg-1 ww in 2001-2002, and 0.2 pg kg-1 ww from 
2005 onwards). * = value below detection limit (falls within 0-0.2 pg kg-1 ww). 
1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 
year 
Fig. 5. Concentration of a-HCH in Baltic Sea herring from five monitoring regions during 1986- 
2006. Missing data: no analysis (1986-1997, 2000, 2003-2004) or values below detection limit 
(0.01-0.02 pg kg-1 ww in 2001-2002, 0.2 pg kg-1 ww in 2005-2006). * = value below detection limit 
(falls within 0-0.2 pg kg-1 ww). 
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HCB was not detected in 2005 samples, but found in sample sets from Åland (10 out of 12), Pori (9 
out of 10) and Kalajoki (9 out of 12) in 2006. 
year 
Fig. 6. Concentration of HCB in Baltic Sea herring from five monitoring regions during 1986-2006. 
Missing data: no analysis (2000, 2003-2004) or values below detection limit (0.41 pg kg1 ww in 
1986-1999, 0.01-0.02 pg kg1 ww in 2001-2002 and 0.2 pg kg-1 ww in 2005-2006). * = value below 
detection limit (falls within 0-0.2 pg kg-1 ww). 
A transient increase in total CB, total DDT, y-HCH and HCB concentration takes place between 
1997 and 1998 (Figures 2-4, 6). The reason for this local anomaly is unclear, but it is probably due 
to a real change in organochlorine bioaccumulation. Interestingly, there was a temporary increase in 
mercury concentrations in the same sample material during 1994-1996 (Chapter 8). 
Heterogeneous bioaccumulation of organochlorine compounds 
Heterogeneity of organochlorine accumulation into herrings was generally between 20-40% (Table 
4). Very large heterogeneity was e.g. observed in sum DDT levels in herrings from Hanko in 2005 
and in sum CB (109%) and sum DDT levels from Kotka in 2006 (Table 4). This variability arises 
primarily from differences in contaminant accumulation into different herring individuals and less 
from analytical precision. In 11 cases the heterogeneity has been 50% or higher. Figure 7 
exemplifies that heterogeneity in organochlorine accumulation within a given monitoring area (here 
Kalajoki) is not constant. Accumulation of toxins to different herring individuals is thus variable 
and exceeds analytical errors. There are between-year differences in heterogeneity (the RSD value), 
but also variability in heterogeneity of different compound group accumulation. This sort of 
heterogeneity of accumulation has been observed also e.g. in case of cyanobacterial toxins into 
flounder liver (20-154% RSD values; Kankaanpää & al. 2005). 
The large within-population heterogeneity contributes extra uncertainty into trend analysis of 
organochlorine compounds. This factor affects values from 1998 onwards. A large enough sample 
set for each monitoring site should be obtained each year, otherwise reliability of results will be 
compromised. 
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Fig. 7. Example of year-to-year variability in heterogeneity in organochlorine accumulation into 
herrings from Kalajoki region. Values from 2005 are excluded (N=2). 
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Table 4. Heterogeneity of 2-year herrings in terms of organochlorine compound accumulation into 
parallel herrings (muscle). RSD% = relative standard deviation percentage. a = only two herrings. 
ND = not detected. 
Year Region Sum CB Sum DDT HCB a-HCH y-HCH 
RSD% RSD% RSD% RSD% RSD% 
1998 Kalajoki 32.7 46.0 40.0 43.2 33.3 
Pori 41.3 57.0 32.3 22.9 25.0 
Åland 27.3 59.3 41.8 56.3 43.6 
Hanko 20.0 21.7 33.7 28.6 77.4 
Kotka 29.4 48.6 21.1 35.4 26.4 
1999 Kalajoki 22.1 22.8 31.0 30.3 19.4 
Pori 16.4 38.8 37.5 25.8 7.5 
Åland 23.6 35.0 25.0 43.2 21.7 
Hanko 32.4 33.8 25.9 31.4 31.0 
Kotka 28.0 26.9 20.3 36.8 29.2 
2001 Kalajoki 36.5 27.5 30.4 35.0 29.4 
Pori 21.8 19.8 53.3 25.0 65.6 
Åland - 39.4 
Hanko 24.5 35.8 22.7 26.3 30.0 
Kotka 32.1 36.2 32.7 18.8 13.3 
2002 Kalajoki 41.6 35.0 32.0 23.1 26.7 
Pori 32.8 28.6 35.5 18.8 17.7 
Åland 20.9 20.6 23.9 20.8 23.1 
Hanko 25.3 34.2 50.0 38.1 50.0 
Kotka 17.8 28.5 38.9 36.8 18.2 
2005 Kalajoki 24.4a 32.4a ND ND ND 
Pori ND ND ND 
Åland - ND ND ND 
Hanko 38.6 65.6 ND ND ND 
Kotka 15.0 34.6 ND ND ND 
2006 Kalajoki 22.9 37.9 19.6 ND ND 
Pori 21.8 30.0 17.0 ND ND 
Åland 31.0 36.4 15.2 ND ND 
Hanko 22.7 44.0 ND ND ND 
Kotka 66.1 109.2 ND ND ND 
Overall total oil concentration regimes 
Pikkarainen & Lemponen (2005) reported that, overall, total hydrocarbon concentrations in 
seawater increase from the northern Baltic Sea (Gulf of Bothnia) towards the south (data from 
1994-2003). By adding data from 2004-2007 it can be deduced that the same geographical pattern 
has prevailed also during the past few years (Table 4). However, in 2007, differences between the 
different subareas were smaller than before. This overall pattern of oil contamination may be due to 
more frequent oil spills in the southern Baltic Sea where vessel traffic is also heavier. 
Total oil concentrations of less than one µg l- ' are classified as being at natural levels, i.e. clean in 
terms of significant petroleum pollution (e.g. Law 1981, Zanardi & al. 1999). As a rule, based on 
present results, there is no oil contamination in Baltic Sea during the summer period, i.e. 
concentrations are below 1 µg Y'. For the winter period the situation has been different and 
concentrations exceeding 1 µg 1"' commonly occurred at Baltic Proper and Gulf of Finland stations 
until 2003-2004. At F64 (Aland Sea) this limit was exceeded only between 1993 and 1998. The 
threshold concentration has never been exceeded within the Gulf of Bothnia. 
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There is a significant difference between total oil concentrations in winter and summer; the 
concentrations are about 2-9 fold higher in the winter than during the summer (whole data set). This 
difference is likely to be caused by 1) varying solubility and volatisation of oil hydrocarbons 
between the two seasons and 2) photo-oxidation and microbiological degradation taking place 
predominantly in the summer season. The processes relating to decay of oil-derived hydrocarbons 
in the Baltic Sea are largely unknown. However, it is known that in general polyaromatic 
hydrocarbons are abiotically and biotically transformed into e.g. various oxidation products (Moore 
& Ramamoorthy, 1984; Lee & Takahashi, 1977). Especially the lighter aromatic hydrocarbons tend 
to evaporate from seawater surface films during warm periods. Wind forcing may also enhance 
evaporation. 
Monitoring of oil concentrations based on fluorescence detection is rather straight-forward and not 
very labour intensive. Determination of total oil concentration is based on the presence of 
fluorescent hydrocarbons (mainly polyaromatic hydrocarbons) in the samples. The contribution of 
non-oil derived aromatic compounds to the accuracy of the values has not been examined. However, 
it is likely that most of the fluorescence arises from oil-originating polyaromatic hydrocarbons. 
Inclusion of some additional locations into the monitoring programme would provide more precise 
information about e.g. the sources of hydrocarbon pollution. There is a risk of increasing total oil 
concentrations in the Baltic Sea since transport of oil is projected to increase substantially in the 
future. It would be beneficial to concentrate on monitoring oil contamination during the winter 
period, in a similar manner as with the present Finnish nutrient monitoring programme. 
Table 4. Areal total oil concentrations in surface seawater in 2004 and 2006. NA = not available. 
Precision of values is based on standard deviation derived from error in parallel sample analysis. 
Recent tendency change in total oil concentration from January 2004 to January 2006. Long-time 
tendency: change in total oil concentration from January 1998 to January 2006. 
Area Location January 2004 
(µg/i) 
January 2006 
(µgo►) 
Summer 2006 
(Fig/1) 
January 2007 
(µg/i) 
Bothnian Bay F2 NA 0.41+0.03 0.35+0.05 0.30+0.05 
Bothnia Bay B03 0.45+0.07 0.40+0.06 0.32+0.05 0.27+0.04 
Bothnian Sea US5b 0.41+0.06 0.19+0.03 0.16+0.02 0.33+0.05 
Bothnian Sea SR5 0.43+0.06 0.26+0.04 0.15+0.02 0.28+0.04 
Åland Sea F64 0.30+0.05 0.18+0.03 0.27+0.04 0.31+0.05 
Gulf of Finland LL3a 0.58+0.09 0.27+0.04 0.24+0.04 0.34+0.05 
Gulf of Finland LL7 0.42+0.06 0.85+0.13 0.49+0.07 NA 
Northern Baltic Proper LL 12 0.68+0.10 0.51+0.08 0.26+0.04 0.49+0.07 
Northern Baltic Proper LL17 0.52+0.08 NA 0.35+0.05 0.38+0.06 
Northern Baltic Proper LL23 1.02+0.15 NA 0.20+0.03 0.49+0.07 
Eastern Gotland Basin BY15 0.73+0.11 0.82+0.12 0.38+0.06 0.45+0.07 
Western Gotland Basin BY38 0.86+0.09 0.35+0.05 0.19+0.03 NA 
—A— BY15 
LL17 
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Trends in total oil concentrations 
Looking at the temporal trends during the winter, a statistically significant decrease in oil pollution 
can be seen at nine localities (Table 5). The P values for LL7, LL23 and BY38 were over 0.05 and 
thus classified as not significant. Total oil concentrations at LL17 seem to follow the overall trend 
of BY15 and similar patterns can be seen at B03 and SR5 (Fig. 8). At F2 the data set is small but 
the concentrations may well be levelling off at a steady-state level of around 0.3-0.4 rg/l. Using 
summer concentrations no trends can be seen (Fig. 9). 
It is noteworthy that since January 2004, concentrations exceeding the threshold value of 1 µg/I 
were observed in the data set only once, at LL23 (northern Baltic Proper). Total oil concentrations 
seemed slightly higher in the Bothnian Bay than in the Bothnian Sea during the winter 2006, but 
were again more equal in January 2007 (Table 4). For the central part of the Gulf of Finland (LL7) 
total oil concentrations have been fluctuating. Thus trends in total oil concentrations are difficult to 
estimate. From 1998 there seems to be some overall reduction in concentrations, but the latest 
winter and summer levels suggest there may be an increasing trend at LL7. 
At seven monitoring stations (SR5, LL3a, LL7, LL17, LL23, BY15 and BY38) there was a 
maximum in total oil concentration in January 1998. During that time total oil concentration 
exceeded 1.8 µg/1 (maximum value for the whole data set) at LL17. This phenomenon can 
additionally be seen, although less clearly, at stations F64 and LL12, but not in the Bothnian Bay. 
At the moment, there are no clear explanations to this observation. It is also peculiar that this local 
concentration maximum occurred during the same period of 1997-1998 as for organochlorine 
compounds (Figs. 2-4, 6). 
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Table 5. Analysis of trends in total oil concentrations during winter (survey period per locality 
indicated). a linear fit. NS = not significant, NA = not applicable. NS: P > 0.05; *: 0.01 < P < 0.05; 
**: 0.001 < P < 0.01; ***: P < 0.001. 
Area Station Period examined n 
Winter trend' 
(pg 1- ' a1) 
Winter trend 
P value significance 
Bothnian Bay F2 2000-2007 6 -0.04 0.007 ** 
Bothnian Bay B03 1993-2007 11 -0.02 <0.0001 *** 
Bothnian Sea US5b 1995-2007 11 -0.03 0.023 * 
Bothnian Sea SR5 1997-2007 9 -0.04 0.0184 * 
Åland Sea F64 1993-2007 12 -0.05 0.00024 *** 
Gulf of Finland LL3a 1997-2007 8 -0.10 0.00095 *** 
Gulf of Finland LL7 1993-2006 11 NA 0.94 NS 
Northern Baltic Proper LL12 1998-2007 8 -0.08 0.030 * 
Northern Baltic Proper LL17 1993-2007 10 -0.06 0.021 * 
Northern Baltic Proper LL23 1997-2007 9 NA 0.117 NS 
Eastern Gotland Basin BY 15 1997-2007 10 -0.09 0.00013 *** 
Western Gotland Basin BY38 1998-2006 6 -0.05 0.173 NS 
2,0 
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6 
1,4 
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~ 
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x`r LL17 
Fig. 9. Examples of total oil concentrations from the summer period. B-spline curves are fitted 
through the data only to better illustrate possible tendencies (not for statistical purposes). 
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Concluding remarks 
The ban to use organochlorine compounds is being reflected in significantly, linearly decreasing 
DDT levels and (from 2005) non-detectable levels of HCHs and HCB in Baltic Sea herring. 
Reductions in total CB concentrations from the beginning of the monitoring period are evident, but 
are less linear and showed temporary increases in 2005. 
Pollution caused by dissolved and dispersed oil in Baltic Sea water has in general been diminishing. 
Contributing factors can be reduced input of oil from ships and diffuse land-based sources. 
The concentrations observed in herring and those present in Baltic Sea water do not directly relate 
to toxicity. Potential health risks due to e.g. consumption of herring with present organochlorine 
burden should be evaluated. However, the decline in body burden of these toxic chemicals is bound 
to reduce health risk for consumers and predators of herring. 
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10. MONITORING DATA AND DATA POLICY IN FIMR 
Riitta Olsonen 
The state and features of the Baltic Sea are continuously monitored in FIMR in many ways. The ice 
service, the wave and water level services and the algae information system Alg@line produce real 
time or near real time information for the benefit of seafarers and other people. These services offer 
short-range forecasts and long-term statistics of the relevant parameters based on decades to century 
long observation series. 
The monitoring of seawater quality on research cruises started already over one hundred years ago 
in Finland. The FIMR monitoring data covers the whole Baltic Sea and consists of observations and 
analysis results about hydrography, nutrients, chlorophyll, phytoplankton, zooplankton and benthic 
animals. Harmful substances in biota, metals and organochlorine compounds are monitored, too. 
The present Helcom monitoring programme is common to all Baltic Sea countries and was started 
in the 1970's. FIMR performs three annual monitoring cruises: 
• winter monitoring cruise in the period from December to February, concentrates on 
hydrographic and chemical parameters, 
• benthos monitoring cruise in May-June concentrates on benthos parameters and 
• summer monitoring cruise in August concentrates on pelagic biological parameters. 
Hydrographic and chemical parameters are measured during all cruises. 
The observation stations differ between cruises, as shown in Figure 1. 
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Fig. 1. Monitoring station networks of winter, benthos and summer monitoring cruises. 
FIMR has recently revised its data policy. The policy is included at the end of this chapter. 
The fundamental principle in forming the new policy is to guarantee and encourage that high quality 
marine data are available for public benefit. This includes the whole data flow from measurements 
and sampling to quality assured and well documented data files and publications. 
Our policy states that our data should profit both the common knowledge about environmental 
status and be available for the marine science community. 
To fulfil this endeavour FIMR participates in international efforts, the most central being the 
International Council for the Exploration of Seas (ICES), the Helsinki convention (HELCOM), the 
International Oceanographical Council (IOC) and the Global Oceanographic Observation System 
(GOOS) with its sub-bodies like BOOS. FIMR is an active member of the European marine 
community and works e.g. in the SeaDataNet project, which concretely builds a modern network for 
marine information and data, covering the European and adjacent seas. 
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The Quality system in FIMR 
Finnish Institute of Marine Research (FIMR) is the accredited testing laboratory T040 and complies with the 
rules of the standard SFS-EN ISO/IEC 17025. The national accreditation body, the Finnish Accreditation 
Service, accredits FIMR. Accreditation, based on internationally agreed criteria, is a procedure to officially 
recognize the institute's competence to carry out specific tasks. 
The quality system in FIMR is maintained and enhanced, so that the quality of research activities can be 
unquestionably exhibited. A functional quality system with many quality control procedures prevents in advance 
possible errors in observations, analyses and interpretations. 
Annual quality audits and regular assessment of quality systems by top management ensures that quality 
operations and the results they include are as planned, appropriate for the objective and carried out effectively . 
The accreditation includes water sampling and hydrographical and chemical analyses, analyses of chemical 
harmful substances, biological methods of water and sediment sampling and analyses, and also physical CTD-
casts. There are more than thirty accredited methods in FIMR. Detailed description of the scope of 
accreditation can be found at www.finas.fi. 
Panu Hänninen 
http://www.helcom.fi 
http://www.helcom.fi/groupshnonas/CombineManual/en_GB 
/main/ 
http://www.ices.dk 
http://ioc.unesco.org 
http://www.iode.org 
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FIMR real time data services: 
- Ice service 
- Sea level and wave service 
- Alg@line (in cooperation with 
Alg@line partners) 
FIMR data download site: 
- FIMR BMP-data 
The quality system: 
- Finnish Accreditation Service  
http://www.fimr.fi/en/palvelut/jaapalvelu.html 
http://www.fimr.fi/en/palvelut/aallokko-ja-
vedenkorkeus.html 
http://www.fimr.fi/en/palvelut/levatiedotus.html 
http://www.fimr.fi/bmp-data/ 
http://www.finas.fi/Scopes/T040_M13 2005.htm 
International links: 
Helsinki commission 
Helcom Monitoring programme 
International Council for 
Exploration of the Sea 
Intergovernmental Oceanographic 
Commission (under UNESCO) 
International Oceanographic Data 
and Information Exchange (under 
IOC) 
Global Oceanographic Observation 
System 
Baltic Operational Oceanographic 
System 
European Networking: Sea-Search 
European Networking: SeaDataNet 
http://www.ioc-goos.org 
http://www.boos.org 
http://www. sea-search.net 
http://www.seadatanet.org 
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DATA POLICY OF THE FINNISH INSTITUTE OF MARINE RESEARCH 
Background 
The objective of the data policy of the Finnish Institute of Marine Research ("FIMR") is to define 
those terms, under which third parties may obtain observational data of FIMR. 
The basis and the aim of this data policy is to ensure the execution of FIMR's obligations as a 
public auhtority, to secure long-term administration of the observational data, as well as the 
broadest possible availability of the data for scientific research. 
This is the translation of the original Finnish data policy. In case of discrepancies between the 
English and Finnish version of the data policy, the Finnish version shall prevail. 
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Free Monitoring data, Chargeable Monitoring Data and Other Observational Data 
Observational data of FIIVIR embraces all observational data produced by FIMR, with the financing 
of FIMR or with its equipment. Observational data means herein any results of direct observations 
and measurements, and results of analysis of such observations or samples, as well as results of 
other processing of such observations or samples. 
The observational data of FIMR is divided into three categories: 
(i) Free Monitoring Data 
(ii) Chargeable Monitoring Data, and 
(iii) Other Observational Data. 
Monitoring data is general observational data that FIMR collects and gathers systematically into a 
broader observation database. Collection of monitoring data is usually part of FIMR's obligations as 
a public authority. Free Monitoring Data is usually available for free. Typically Free Monitoring 
Data is immediately delivered to the data centre of Helcom. Chargeable Monitoring Data is usually 
available against a separate payment for specified purposes. For example, data on sea water level is 
Chargeable Monitoring Data. FIMR maintains a list of Free Monitoring Data and Chargeable 
Monitoring Data collected from time to time. 
All other observational data than Free Monitoring Data and Chargeable Monitoring Data is treated 
as Other Observational Data. 
General Principles on Delivery of Observational Data to Third Parties 
The starting point is that FIMR itself always considers separately, in the light of its own 
responsibilities as a public authority and in the light of its contractual obligations, what 
observational data it delivers to third parties. 
However, the Free Monitoring Data is generally available. Marginal costs for reproducing and 
disseminating the data, and other charges in accordance with the Act on Criteria for Charges 
Payable to the State (150/1992) and other applicable regulations may always be charged. 
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License granted for the data and terms of the license 
Unless otherwise agreed, the terms of this section shall be applied to all licenses granted for 
observational data. However, the FIMR's obligations as a public authority or its contractual 
obligations may necessitate the use of other terms. 
The observational data delivered by FIMR may only be used for the agreed purpose. Unless 
otherwise agreed, the data shall be destroyed or returned to FIMR when it is no longer needed for 
the agreed purpose. 
The data shall not be further delivered or distributed without an explicit permission of FIMR. 
Commercial use of the data as such or in modified form requires a separate agreement. 
FIMR retains the intellectual property rights and other rights to the data. 
A fee in accordance with the Act on Criteria for Charges Payable to the State can be charged for the 
data. 
When data is delivered to research institutes, companies or to others suchlike, usually the intention 
is to conclude a separate agreement regarding the grant of license. 
Each data has its own scientific manager at FIMR. If the data is used as a basis for a scientific 
article or for another scientific publication, the scientific manager shall be consulted on possible 
methods and channels for publishing the resulting scientific article. In addition, FIMR may reserve 
the right to evaluate the results before the publication. 
If the data is used as a basis for a scientific article or for another scientific publication, the relevant 
scientific manager shall have the right, if he/she so wishes, to be credited as one author of the 
publication, if the scientific manager has participated in at least three of the following: (i) idea, (ii) 
raising financing, (iii) planning the realization, (iv) realization, or (v) writing. 
If the data is processed further to create new data, FIMR reserves the right to claim the new data 
obtained through processing to be offered to FIMR, in which case FIMR shall be granted a 
perpetual right to use the data in its own activities. 
While FIMR aims with its best efforts to produce and make available only carefully verified 
observational data in accordance with its quality system and aims to correct all errors in the 
observational data that have come into its knowledge, FIMR does not take any responsibility for the 
possible errors left in the data. The scientific manager shall be informed of any errors observed in 
the data. 
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